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SEED TREATMENT CHEMICALS
John J. MacFarlane

1!

It is a pleasure to again appear as a speaker at the Mississippi
State University Short Course for Seedsmen and to discuss the topic
of seed treatment chemicals. During the two years since I discussed
this topic at the 1979 Short Course, there have been only a handful
of new chemicals registered for seed treatment in use in the United
States, and only another few products whose labels have been expanded
to include additional major seed treatment uses on other crops or
against other pests. Notable examples are the registration of Orthene
for seed treatment of cotton, Mertect as a seed treatment for wheat to
control TCK or dwarf bunt, Kathan as a seed treatment for cottonseed,
and EPA expansion of the Vitavax- 200 label for soybeans . Also, since
the 1979 Short Course, we have seen some of our most important seed
treatment chemicals come under regulatory scrut iny by the government;
notably, Captan and Lindane are officially undergoing RPAR, Thiram
and several other chemicals are slated as Pre-RPAR candidates , further
manufacture of Phenyl Mercury has been halted and Heptachlor currently
is in a government "phase-out" program. Additionally, we've seen the
new Resources Conservation and Recovery Act (RCRA) enacted into law,
which has caused many seedsmen concern over disposal of chemical ly
treated seeds.
Turning now to the present and future, we will consider all major
viable seed treatment chemicals currentl y in use in the United States,
and I will update you on important matters of formulation, labeling,
and regu la tion which have recently occurred or that we anticipate
occurring in the near future. We will also talk about several new
chemicals on the horizon in each of the categories that we believe
wil l be registered within the next one to four years in the U.S.
Frankly, some of these compounds are quite exciting and will fi ll
voids which have existed in the seed trade for several years. Speci fically, I wi ll talk about a new systemic fungicide which gives excellent control of Phytophthora root rot of soybeans in the seedling
stage , a new systemic insecticide which gives excellent control of the
newly discovered biotype E of the sorghum greenbug in the seed l ing
stage, and a revolutionary new broad spectrum storage insecticide which
will be used on planting seed as well as edible grains.

!I Mr. MacFarlane is Vice President, International Operations,
Gustafson, Inc., Dall as , TX.
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In this discussion, I will talk about fungicides by category of
activity (contact type, local or semi-systemic type, and true systemic
type), insecticides by category (contact type, and systemic type),
growth regulant compounds, and lastly, about miscellaneous compounds,
such as safening aids, conditioning aids, seed applied herbicides, etc.
I.

Contact Fungicides

This group of fungicides has contact or protectant activity and is
not absorbed into plant tissue, or translocated through the plant.
A.

Captan
--Manufactured in the U.S. by Stauffer and Chevron; made in Israel,
Taiwan and Mexico also.
--Broad spectrum for control of many seed-borne and soil-borne
diseases; registered for seed treatment of almost all major crops.
--Highly active against Pythium.
--Currently under RPAR, but excellent chance for retaining most all
seed treatment uses.
--Most widely used seed treatment fungicide in the United States.

B.

Thiram
--All technical Thiram is imported into the U.S.; several viable seed
treatment formulations made in U.S: - notably, DuPont and Gustafson.
--Broad spectrum activity against many seed- and soil-borne diseases.
--Registered for treatment of most all types of crop seed.
--Wettable powder and dust formulations cause i rritation to skin
and mucous membranes of many individuals.
--It is the second most widely used seed treatment fungicide, alone
or in combinations.

C.

HCB
--Formerly manufactured by Hooker Chemical Company in the U.S .
--Popularity as a seed treatment has declined drastically in the
past four years because of environmental concerns; the only U.S.
manufacturer voluntarily ceased production in 1977.
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--Suspected to have extremely long residual; it is classified as a
chlorinated hydrocarbon.
--Greatest utility in the U.S. for the control of surface-borne smuts
of small grains; specific activity against bunt of wheat.
D.

TCMTB
--Manufactured in the U.S . by Buckman Laboratories.
--Has a broad spectrum of activity against many major seed- and
soil-borne organisms and is registered for seed treatment of
many crops.
--Has shown most activity against certain species of bacteria and
storage insects.

E.

PMA
--Formerly manufactured in the U.S. by Gustafson; further manufacture
prohibited in late 1978.
--Use of existing stocks still legal, but stock cannot cross state
lines.

F.

Difolatan
--Manufactured in U.S. by Chevron.
--Chemica ll y very closely related to Captan.
--Excellent activity against Pythium and Achyla.
--Registered for seed treatment of cotton and rice.
--Can cause skin reactions in some people.

G.

Terrazole
--Manufactured in the U.S. by Olin Corporation.
--Registered for seed treatment of cereal grains, cotton and many
other types of seed.
--Relatively broad 'in spectrum; especially effective against
Rhizoctonia.
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H.

Maneb &Coordinated Zinc Mixtures with Maneb
--Manufactured i n the U.S. by DuPont and Rohm & Haas.
--Broad in spectrum and registered for t reatment of many types of
crop seed.

I.

Heavy Metal Fungicides
--Manufactured in the U.S. by a number of firms; Koc ide Chemical
Company manufactures a series of organic copper fungicides.
--Registered for seed treatment of many types of seed for controlling
seed-borne blight and various soil - borne and seed-rotting organi sms .

J.

Kathan
--Manufactured in t he U.S. by Rohm & Haas .
--Recently registered in the U.S. fo r seed treatment of cotton.
--Long residual and broad activity against major seed- and so il-borne
fungi attacking cotton as well as some species of bacteria.

K.

Botran
--Manufactured in the U. S. by the Upjohn Company.
--Spectrum of activity includes many soil - borne pathogens such as
Rhizopus, Botrytis and Aspergi ll us .
--Commonly used as a seed treatment for peanuts usually in combinationa with Captan , Thiram or Difolatan.
--Also used as a dyestuff intermediate for yel low dyes.

L.

Lesan
--Manufactured in the U. S. by Mcbay.
-- Especially active against Pythium.
--Has utility as a seed treatment on cotton seed and sugar beets.
II.

Locally or Semi-Systemic Fungicides

This group of fungicides is local ly absorbed into the epidermal
or sub-epidermal layers of plant tissue and is sometimes translocated
between cells.
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A.

Demosan
--Manufactured in the U.S. by DuPont.
--Most often used as a seed treatment for cottonseed, certain edible
beans and soybeans.
--Active against various seedling blights, Rhizoctonia, Sclerotium
and Pythium.
--Treated crops cannot be grazed until after 45 days.

B.

Terrachlor
--Manufactured in the U.S. by Olin.
--Has a broad spectrum of activity, especially on bunt of wheat and
Rhizoctonia.
--Registered for seed treatment on many crop seeds.

C.

Rovral
--Manufactured by Rhone-Poulenc Company.
--Broad spectrum against many major seed- and soil-borne pathogens,
Rhizoctonia, Aspergillus and Rhizopus but does not control Phythium.
--Currently has no registration for seed treatment in the U.S. but
is registered for seed treatment in various European countries.
--Will probably have good utility as a potato seed piece treatment.
III.

True Systemic Fungicides

This group of fungicides is readily absorbed and translocated
throughout the seedling when applied as a seed treatment.
A.

Vitavax
--Manufactured by Uniroyal, Inc.
--Registered for treatment of cereal grains, cotton, peanuts, rice
and corn.
--Highly active against Basidiomycetes, especially Rhizoctonia and
Helminthosporium.
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--Al so very active against internal smuts of cereal grains .
-- EPA registered for soybean seed treatment in mid-1980 .
--Currently has tolerance pending on edible beans .
B.

Mertect
--Manufactured in the U.S. by Merck and Company
--Reg i stered for treatment of wheat for control of dwarf and common
bunt in the U. S.
--Has excellent activi ty against Fusarium.

C.

Apron
--A product of CIBA- GEIGY Corporation.
--Highly systemic in nature with specific activity agai nst Phycomycetes,
especially Pythium, Phytophthora and the downy mildews .
--Registration appli cation will be submitted to the EPA during the
fourth quarter of 1981 for cotton .

D.

DOWCO 444
--Manu factured by Dow Chemical Company
--Very similar spectrum to APRON but registration progress about two
years behind .
- -Expected to have excellent utility as a soybean treatment against
Phytophthora.

E.

Topsin-M
--Manufactured in Japan; U.S. marketing and distribution rights
held by Penwalt Corporation .
--Very similar in spectrum and chemistry to BENLATE.
--Main disadvantage is that compound rapidly hydrolyzes in water so
it can only be used as a dry dust treatment.
--Currently being targeted for use as a potato seed piece treatment
in combination with other fungicides.
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F.

Benlate
--Manufactured in the U.S. by DuPont.
--Controls internally borne smuts of cereals but not registered in
the USA for this use.
--Currently registered in the U.S. ~in the Pacific Northwest for
11
blackleg 11 of crucifers and in Florida for sweet corn seed treatment in combination with Difolatan.

G.

Baytan
--A product of Mobay.
--Not yet registered in the U.S. for seed treatment but is registered
in commercial use in Europe.
--Has similar spectrum of activity to VITAVAX.
--Gives control of loose and common smut of cereals and also
controls rust in the seedling stage.
--Has a tendency to be phytotoxic under stress planting conditions
so is being tested in combination and at low rates.

H.

Campogran
--A product of BASF Wyandotte Corporation .
--Has excellent systemic activity and is being targeted as a seed
treatment for cotton against Rhizoctonia, cereal grains against
internal smuts, and for peanuts.
--Target for U.S. registration is mid-1985.

I.

Trivax
--Product of Uniroyal
--Excellent activity against internal smuts of cereals; three to five
times more active than VITAVAX.
--Currently registered and in general use in Australia; decision
to pursue registration in the U.S. not yet made.
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J.

Imazilil
--Product of Jantzen Laboratories.
--Currently being tested as a seed treatment in the U.S . by various
firms in combination with other fungicides
--Has excellent activity against Thelaviopsis of cotton and 11 take-al1 11
of wheat.

K.

Streptomycin
--Seed treatment formulations manufactured in the U.S. by Pfizer
and Merck.
--Excellent activity against bacterial decay organisms; has particular
utility as a potato seed piece treatment and as a control for
halo blight of edible beans.
IV.

Contact Insecticides

This group of insecticides has contact or protectant activity and
is not absorbed into plant tissue, or translocated through the plant.
A.

Malathion
--Manufactured in the U. S. by various firms but first by American
Cyanamid Company; classified as a organophosphate insecticide .
--Very low toxicity and relatively short residual.
--Commonly used as a storage insecticide for seed and edible grains.
--Certain storage insect species have shown resistance.
--Generally speaking, has its greatest activity against storage
pests of the order Lepidoptera .

B. Methoxychlor
--Manufactured by a few chemical firms in the U.S. but originally
manufactured by DuPont.
--Classified as a chlorinated hydrocarbon insecticide.
--Has longer residual than MALATHION and is also very safe to use,
having only about one-forthieth {1/40) the toxicity to mammals
as DDT.
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--Probably the most widely used seed treatment insecticide against
storage i nsects in the U.S.; generally used in combination with
fungicides .
--Generally speaking , has its greatest activity against storage
insect pests of the order Co l eoptera.
C.

Lorsban
--Manufactured in the U.S . by Dow Chemica l Company .
- -Cl assified as an organophosphate insecticide.
--Is registered in the U. S. for treatment of cottonseed , edible
beans, sweet corn and fiel d corn.
--Norma l ly used by seed treaters against soil insects , such as seed
corn maggots and seed corn beetles.

D.

Rel dan
- - Manufactured by Dow Chemi cal Company.
--Classified as an organophosphate insecticide; very closely related
chemically to Lorsban.
--Already registered and in commer cial use as both a seed treatment
and edible grain treatment in various Soviet bloc countries ,
Western Europe and Australia.
--Targeted to be a direct replacement for MALATHION.
- - U.S . registration expected during the first quarter of 1982.

E.

Actellic
- -A product of ICI.
--Classified as an organophosphate insecticide .
--Has been used a stored seed and grain insecticide in various
parts of Europe, Australia and Latin America; has quick knockdown and broad spectrum of activity against most storage pests.
--Probably will not be registered in the United States for seed and
grain treatment because of recent toxicology problems.
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F.

Diatomaceous Earth
--Is a naturally occurring compound which is mined by several
companies in the U.S.
--Is a stable, essentially inert, basically non-toxi c compound
containing approximately 90% silica.
--Mode of action i s interference with respiration of insects by
physical damage to the spiricles.
--Exempt from requirement of EPA registration.
--Used by certain seed conditioners for treatment of grass seeds
and sorghum .

G.

Lindane
--Manufactured by several firms but first by Chevron and ICI.
--Cl assified as a chlorinated hydrocarbon insecticide .
--Has a long residual, has some fumigant activity, and is relatively
toxic to mammals .
--Used in seed treatment mainly as a soil insecticide against
wireworms, false wireworms, seed corn beetles and seed corn
maggots.
--Currently under RPAR but it i s very likely that seed treatment uses
wil l be retained.

H.

Diazinon
--Manufactured in the U.S . by CIBA-GEIGY Corporation.
--Is classified as an organophosphate insecticide.
--Used as a seed treatment on certain edible beans and peas as
a soil insecticide against seed corn maggots.

I.

Heptachlor
-- ~1anufactured

in the U.S. by Ve 1s i co 1 Chemica 1 Company.

--Is classifed as a chlorinated hydrocarbon insecti ci de.
--Has a long res idual and is classi fied as very toxic to humans.
--Has some fumigant activity.
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--Used as a seed treatment on various cereal and grain crops for
control of soil insects , such as wireworms, false wireworms
and seed corn maggots.
-- Currently on a "phase-out" program at EPA; registrants are on
allocation plan at this time and no further manufacture for
seed treatment uses will be allowed after July, 1982.
J.

Pyrethrums
--Formulated in the U.S. by a few companies ; is a natural ly occurring
botanical insecticide from extracts of chrysanthemum flowers.
--Surprisingly, i t is fa irly toxic to humans; also, many peopl e are
all ergic.
--When used as a seed treatment, it normal ly i s used in combination
with a synergist such as Pi peronyl Butoxide ; has fairly short residual.
--Used only as a storage insecticide.
V.

Systematic Insecticides

This group of insecticides is readily absorbed and translocated
throughout the seedling when applied as a seed treatment.
A.

Di-Syston
--Manufactured in the U.S. by Mobay Chemical Company.
--Classified as an organophosphate insecticide.
--Registered in the U.S. for seed treatment of cottonseed only
for control of post- emergent insects, such as aphids and thrips,
as well as mites.
- - Extremely toxic to humans.

B.

Thimet
--Manufactured in the U. S. by American Cyanamid Company .
--Classified as an organophosphate insecticide and very closely
related chemically to Di - syston .
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--Registered in the U.S. for seed treatment of cottonseed only;
has basically the same claims on the label and same spectrum
of activity as does Di-syston.
--As is Di-syston, extremely toxic to humans.
C.

Go-Better (Azodrin)
--Manufactured in the U.S. by Shell Chemical Company and registered
as a seed treatment by Growth of the Southwest, Inc.
--Classified as an organophosphate insecticide .
--Registered in the U.S. for treatment of cottonseed only for
control of thrips, aphids and whiteflies.
--Approximately 1/4 the toxicity to humans as Di-syston and Thimet,
but still classified as extremely toxic.
--Treated seed are highly toxic to birds and other wildlife.

D.

Orthene
--Manufactured in the U.S. by Chevron Chemica 1 Company.
--Classified as an organophosphate insecticide.
--Registered in the U.S. for treatment of cottonseed only for
control of thrips, cotton aphids, and greasy black cutworms.
--Use as a cottonseed treatment is increasing rapidly in the U.S.
due to the much, much greater safety of the product to humans.

E.

Furadan
--Manufactured in the U.S. by FMC Corporation.
--Classified as a carbamate insecticide.
--Registered in the U.S. on a state label in Texas only for seed
treatment of sorghum for control of greenbugs.
--Marketing of this product by FMC as a seed treatment has been
halted in the U.S. due to highly toxic nature of treated seeds
to birds.
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F.

Advantage
- -A product of FMC Corporation.
--Classified as a carbamate insecticide .
--Closely related chemically to FURADAN.
--Decision to develop this product as a seed treatment in the
U.S. is still undetermined; possibly has greater safety to
birds than does FURADAN.

G.

Bendiocarb
--A product of FBC Chemical Company (joint venture between Fisons
Ltd. and Boots, Inc.).
--Classified as a carbamate insecticide.
--Already being marketed in the U.S. under an experimental use
permit as TATTOO in the granular form for corn rootworm; also
being marketed in the U.S. under the name FICAM for various
public health and industrial pest control uses.
--Currently being rapidly developed in the USA as a seed treatment
for sorghum for control of greenbugs and cinch bugs; appears to
be very active against new bio-type of greenbug for which previously
resistant hybrids have no resistance.
--Also appears to be very active against soil insects such as wireworm.
--Appears to be phytotoxic on cottonseed so probably will not be
developed for that market .
--Registration in the U.S. as a seed treatment expected in early 1983.

VI.
A.

Growth Regulants

BASF - 106
--A product of BASF Corporation.
--Chemistry is undisclosed at this time; actual mode of action
is also undisclosed at this time, but compound appears to be
of the retardant type.
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--Seed treatment of sorghum is the number one target and the
concept is to, by treating seed, make nondrought-resistant
hybrids more drought resistant.
B.

Tex-1
--A product of Eastman-Kodak, the development of which had been
explored by Gustafson, Inc.
--Now classified as a dead product due to extreme problems in
application which make commercialization as a seed treatment
impractical and uneconomical.

C.

W-17
--A product of Gustafson, Inc.
--Chemical composition not disclosed.
--Mode of action is that of a "sleeping pill" - the aging process
of treated soybean seeds is tremendously decelerated .
VII . Miscellaneous

A.

Concep
--Manufactured in the U.S. by CIBA-GEIGY Corporation.
--Is exempt from requirement of a registration, but is in commercial
us in the U.S. as a seed treatment for sorghum as an herbicide
safener.
--Basic mode of action is that treated seed are rendered physiologically
different, by virtue of being treated, than other grass seeds in
the same soil.

B.

Screen
--Manufactured in the U. S. by Monsanto.
--Is exempt from requirement of a registration and currently
being rapidly developed as a seed treatment for sorghum as an
herbicide safener.
--Not yet in commercial use in the U.S.
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--According to the manufacturer, has same basic mode of action
as CONCEP , but has l ess sensitivity with regard t o dosage rate
and sequence of application on seed than CONCEP.
--Expected to be commercially avai lable for seed t reatment of
sorghum in the U.S. in the fall of 1982.
C.

Protect
--Manufactured in the U.S. by Gulf Chemical Company.
--Exempt from requirement of registration.
--Was the first physiological ly act i ve herbici de safener to be
commercialized in the U.S.
--Main utility has been to safen rice seed from damage by PROPANIL
Herbicide.

D.

Shock Absorbers
--A group of polymer chemicals currently being devel oped by Gust afson
in the U.S. for treatment of vari ous del icate types of seed.
--All these compounds are FDA approved as food addi tives so would
be exempt from registration and if applied to seed, woul d not
cause the seed to be classified inedible.
- -Basic activity is to provide a physica l barri er to t he seedcoat
of various delicate seeds and reduce mechanica l damage during
handling.

E.

Mesuro 1
- -Manufactured in the U.S. by Mobay.
--Currently registered as a planter box treatment for fie l d corn
as a bird repel lant in certain states of the U.S.
--According to the manufacturer, probably would not have uti li ty
as a bird repellant for rice seed, s i nce t reated seed are much
more likely to be injured by PROPANIL herbicide than are untreated
seed .

F.

VITAVAX
- - A product of Uniroyal and currently being widely used as a systemic
fungicide in the U.S . on many major crops.
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-- Currentl y being tested as a safening aid on wheat to reduce
damage from FARGO herbicide and on soybeans to reduce damage
from various herbicides, parti cularly SENCOR.
G.

Super Sl urper
--Currently being developed in the U.S. by Henkel Company as a
seed treatment for several types of seeds.
--Bas i c activity i s that of a moisture absorbing coating to insure
rapid germination and early seedling growth of seeds in soil s
with marginal moisture.

H.

Eptam
--Manufactured in the U.S. by Stauffer Chemical Company.
--Of course, Eptam is a widely used and well - known herbicide for
several crops ; basic concept is to coat alfalfa seeds with Eptam
herbicide to provide weed control during the early seedling
establishment period in cl ose proximity t o whe re the seed is planted.
--Pioneering work on this concept was done in Argentina and is
currently being explored for registration and marketing feasibility
in the USA .

I.

Trace Elements
--There are several companies in the U.S. which have commerc ially
available formu l ations of trace elements for seed treatment .
--Among the most common elements used commercially are sodium
molybdate as a seed treatment for soybeans and zinc as a seed
treatment for rice .
Summary and Conclusions

In summary and conc lusion, we at Gustafson and our colleagues
in the seed treatment chemical industry are extremely exc ited about
several new products on the horizon for seed treatment use in the
United States . We feel that some of these new compounds will efficiently and economically solve problems which have heretofore been unso l ved . We known from our experience in the mar ket place and from
multipl e detailed surveys that the American farmer is becoming more and
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more aware of the benefits and returns on investment possible from seed
treatment. Realizing that seed treatment is one of the most economical
and efficient methods of pesticide application available we feel that
our industry will continue to be of increasing importance to American
agriculture and that seed treatment will continue to provide the American farmer with one of the greatest (if not the greatest) returns on his
investment of any single crop production practice available to him.
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EFFECTS OF THE PRE-HARVEST ENVIRONMENT
ON SOYBEAN SEED QUALITY
C. Hunter Andrews

11

There are di stinct advantages of producing seeds in geographical
areas which have favorabl e environments, i.e., low precipitation , absence of early morning fogs and/or heavy dews, and l ow rel ative humidity
dur i ng pre- harvest and harvest periods. In such favorable climates,
seed set and recovery is usually optimum, there is l ow incidence and severity of insects and pl ant and seed di sease and germination and seed
vigor are quite high. Hence, seed qua l ity is usual ly good when produced
under such favorable conditions. It is not uncommon, however, to find
producti on of many kinds and l arge quanti t i es of pl anti ng seeds in the
same general areas where the crops are grown for other commercial uses.
Unfortunately these geographical areas are frequent ly characterized by
environmenta l conditions which are unfavorable and often deterimental to
the production of high qual ity planting seed. Thus, the environment
becomes impl icated as a major factor contributing to the rapid deteri oration of seed.
Rapid deterioration and subsequent loss of seed quality is frequently, and probably universally, referred to as "weatheri ng". This
simply impl ies that the seed have been exposed to the weather components, i.e . , the environmental conditions existing i n the field during
the time of seed formati on, devl opment and maturation. In other words,
the seed are "stored" on the plants until they can be harvested. While
"stored .. i n th i s manner, they are undergoing the natural physiol ogical
deteriorative processes common i n al l biological systems (senescence)
and, at the same time , the envi ronmental stresses are impos i ng their
infl uence. It is quite l ikely, then, that soybean seed can, and qui te
often do, undergo severe field deterioration whi ch lowers their qual ity.
The environmental 11 complex" , as it
array of daily ambient condi tions which
specific geographical location. Of the
conditions which may exist at any given
we know to exert unfavorabl e stress(es)
seeds, either singularly or in concert,
ative humidity (RH), and/or frequent or
stituti ng additional i ncrements of this
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might be called, encompasses an
vary widely accord i ng to a
combination of environmental
time, however, the one(s) whi ch
upon developing (maturing)
are high temperature and relprolonged precipitation. Con"total environmental compl ex ..

Dr. Andrews is a member of the STL staff .
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are diseases and insects which seem to thrive in the same conditions
which are detrimental to seeds, i.e., hot, wet climates. These conditions, of course, are quite typical of the subtropical and tropical
zones of the world.
Background
Historically, soybeans were produced in the northern regions of the
temperate climatic zones of the world where envi ronmental stresses were
relavively minimal. However, as the world demand for vegetable oil and
protein continued to increase, soybean production spread rapidly into
the warm (hot), humid production areas, and more recentl y into the
tropical regions (15, 26). Rachie and Plarre (25) point out that soybeans are already well established in the tropics at intermediate elevations and in the subtropics . They hasten to point out, however, that
it is questionable whether soybeans can be establissed in the low latitude, low elevation tropics and suggest that success depends upon
favorable conditions and good management. Delouche (5) has documented
many instances of poor seed quality in soybean seed and strongly contends that adverse weather conditions during the post-maturation, preharvest peri od cause moderate to severe seed quality problems . With
such mounting evidence that the environment plays a significant role in
affecting the quality of soybean seed, a close examination of specific
environmental factors seems in order.
Moisture
Environmental moisture of significance in soybean growing regions
takes the form of either heavy, earl y morning fogs, dews or rain. Under
these conditions, relative humidity varies considerably, but usually
remains high during the warm, humid growing season. Additionally, as
the fogs lift, dews dry, and rains cease, a hot, penetrating sun bears
down upon the developing seed. Soybean seed are very susceptible to
such extremes of wetting and drying (dehydration and rehydration). Such
cycles , particularly during the latter stages of seed maturation, are
quite detrimental to seed quality, and in fact, cause rapid deterioration (5). Table 1 shows moisture fluctuations and germination percent
of four soybean cultivars of the Southeastern United States as they were
harvested at intervals during and shortly after field maturation .
As early as 1950, Morse et al. (16) reported that exposure to
periods of dampness caused soybean seed to deteriorate. In bean seed
which are morphologically similar to soybeans, Moore (15) reported that
alternate rehydration and dehydration following field maturity causes
necrotic areas in the radicle and cotyledons and hairline fractures
across the hypocotyl. In evaluating the effects of various field environments upon soybean seed quality , Mondragon and Potts (14), and
Burdette (2) determined that supplemental water sprays, either daily or
once or twice weekly, increased the rate and degree of field deterioration . Deterioration was retarded by protecting the maturing seed
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from either the ambient field environment or by removing them completely
from the field environment. In 1959 Howell et al. (10) concluded that
rain in the field or a simulated rain on intact!Pods increased the
moisture content of the seed which delayed dehydration and prolonged
rapid respiration which was of a magnitude to reduce the amount of
sugars and other stored materials in seed. Although they failed to
relate the significance of these results to seed quality, no doubt loss
of sugars and other materials from the seeds lowers their quality.
Timely harvest of mature soybean seed is extremely important in
protecting and maintaining high seed quality. Harvest delays beyond
optimum maturity extends field exposure and intensifies field deterioration. Wet field conditions frequently cause harvest delays, and
Green et al. (7, 8) reported that when soybean harvest was delayed due
to rain-after the seed had initially declined to 13.5% moisture content,
seed quality declined with subsequent reductions in germination and
field emergence. Tekrony and Egli (26) reported similar declines in
vigor when seed were harvested even within 30 days after "harvest maturity", especially if hot humid conditions prevailed (Table 2). Nangju
(18) reported that harvest delays were accompanied by an increase in
purple stain and cracked, wrinkled and discolored seed . He proposed the
use of "delay-harvest plus rainfall" to evaluate resistance to field
weathering. Paschal and Ellis (22) obtained reduced stand genmination
and field emer~ence of 7 and 14%, respectively, by delaying harvest two
weeks. Costa {3) obtained highest seed quality when 95% of the pods
were mature and lowest seed quality when harvest was delayed 14, 28, or
42 days after 95% maturity.
Temperature
High temperatures coupled with high moisture (either RH or rain)
exert severe stresses upon developing soybean seeds. Morse et !l·
stated that hot weath~r during seed maturation often resulte~in seedcoat wrinkling which reduced germination. When Costa (3) evaluated 18
soybean lines in Brazil, he found that an alternation of rain and hot
weather accelerated deterioration, and high temperature during the final
stages of seed maturation caused green seed which were low in quality.
Potts and Mondragon (15} reported that plants which were shaded to
reduce incident solar radiation by 50% produced seed which deteriorated
at a slower rate than did seed produced on unshaded plants. Similarly,
Burdette (2) demonstrated that seed harvested from plants removed from
the field and stored in open-sided sheds were higher in quality than
those which remained exposed to the ambient field environment. In both
instances the reduced rate of "field weathering " was attributed to
cooler temperatures and a more stable microclimate .
Diseases
Climates with high rainfall and temperature are favorable for rapid
disease development . Thus, seed-borne di seases become associated with
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Seed MOisture Content and Germination for Four Soybean Cultivars at Intervals during Field Maturation

Table 1.

Dare

Hill
Harvest
date
10/3
10/10
10/17
10/24
10/31
11/9
11/16
11/23
11/30
12/8
12/14

Germination

H20

H20

Germination

H20

Lee

Mack
Germination

H20

pel'cent

16
15
13
12
22
37
14
32
18

87
78
71
34

32
27
11
0
0

Table 2.

33
16
13
12
23
37
14
31
18
14
12

93
87
92
54
37
28
33
24
11

16
12

15
13
12
23
10
14
31
23
14
13

60
51

66
79
41
40
35
7
14
4

IS
11
20
35
14
31
16
14
12

s
6

Maturation Dates and Seed Quality at Physiological Maturity
and at Harvest Maturity

Parameter

Kent

1973

Cutler 71
1974

1975

1974

1975

9/19
98

9/24
94

9/16
86

10/1
94

9/30
93

9/29
87

10/7
97

10/6
73

10/11
91

10/14
94

10

13

20

10

14

Physio7,ogica7,
matU.l'ity
Date
Germination , %

Harvest
maturity
Date
Germination , %
Desiccation, days
Note:

Germination

Adapted from Tekrony, Eg1i, and Phi11ips(26).

90
88
79
78
86
64
70
68
47

so
46
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particular envirnoments and must be included as a part of the total
climatic pattern. Certain microorganisms are pathogenic to seed and increased infection obviously leads to a reduction in seed quality. In
1971 Nicholson and Sinclair (20) and Nicholson et al. (21) reported that
the incidence and severity of fungal invasion or-seed is increased by
11
weathering" which lowers seed quality. Hepperly and Sincliar (9)
demonstrated that germination decreases were accompanied by increases in
the incidence of Bacillus subtilis and Phomopsis sojae. They concluded
that seeds infected by P. sojae were low in quality since they were
distorted in size and shape, covered by fungal growth, and low in test
weight . Wilcox (28) showed that a loss in seed quality was due to
increased incidence of f. sojae and other fungi when soybean harvest was
delayed.
In 1978 Paschal and Ellis (22) grew 24 soybean lines in Puerto Rico
to determine the incidence and effect of fungal infection on seed viability under tropical conditions. Seeds were harvested at maturity and
2 and 4 weeks later. The incidence of fungi increased from 9% on seed
harvested at maturity to 45% for seed harvested 4 weeks later.
Insects
Insect pests are a part of the environment and may cause severe
damage to developing soybean seeds. Some insects pierce the pods and
subsequently the seedcoats, while others actually destroy portions of
the pods. If insects pierce the pod wall and subsequently the seedcoat,
they may either transmit diseases directly to the seeds or provide
openings through which subsequent invasion by fungi may take place. In
addition, these openings allow moisture to penetrate into the pod cavity
causing deterioration. Insects which eat large portions of the pod and
destroy the protection of the pod allow moisture and fungi to attack the
developing seed.
In studies with southern green stink bug, Nezara viridual, Todd and
Turnipseed (27) infested caged soybean plants with various population
densities to determine their effects on seed quality. Significant
increase in seed damage occurred from poulation densities of 1, 3, and 5
bugs/row ft., and seed germination, emergence, and seedling survival
were significantly reduced by all degrees of damage. Likewise, other
investigators (11) have reported that heavy infestations of stink bugs
at the early pod-fill stage cause drastic reductions in seed quality.
Other insects which have been implicated in the reduction of seed quality in soybeans are bean leaf beetle, Cerotoma trifurcata which transmits Bean Pod Mottle Virus (BPMV) (4), while in Brazil Piezodorus
guildinii reduced germination and seed quality (3).
Current Research and Developments
Prospects for improving seed quality of tropically adapted soybean
cultivars are encouraging. An initial approach is to exploit genetic
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vari ability which cultivars exhibit to differences in rate of field
deterioration. Lassim's (13) work showed that certai n cultivars exhibited different rates of deterioration in the fiel d, while Pashal and
Elli s (22) and Costa (3) provided additional evidence that substantial
genetic variation exists among cultivars in resistance to weathering.
Cultivars with small seed size appear to be better adapted to some
cl imates. They have been reported to resist weathering and invasion by
pathogens and to germi nate and emerge better. Since some "weathering"
resistant characteristics have been identified, breeding programs may
concentrate on incorporating them into commercially acceptable cultivars.
Altering planting dates to allow the critical stages of seed maturation to coincide with favorable segments of the field environment may
prove feasible . In a study on the effect of planting and maturity dates
on soybean seed qua l ity, Green et ~- (7) found that soybean plants from
early planting dates which matured seeds during hot, dry weather produced seeds of low qua lity; on the other hand, seeds from later dates of
planting which reached maturity after the hot, dry weather conditions
had ended were high in quality. Investigations in this area have been
initiated in Kentucky and Mississippi.
The use of systemic fungicides to provide some degree of protection
against "weathering" pathogens has recieved considerable attention, and
their commercial use on soybeans has spread to some areas of the Southeastern United States. It has been pointed out that delay in harvest
results in an increase in seed-borne fungi and subsequently a reduction
in germination (9, 18, 19). Ellis and Sinc l air (5) used foliar appli cation of benomyl to reduce the incidence of seed-borne fungi at maturity and suppress the increase of internally seed-borne fungi. Investigations with such materials could prove beneficial; however, the
economics of using these materials must be thoroughly studied.
Recent investigations by Potts et al. (23) revealed the influence
of hardseededness on soybean seed quality. Comparisons were made between seed of 'Dare' and those of an experimental hardseeded line (D675677-1) which is similar to 'Dare' in growth type and maturity. Hardseededness was benefici al in maintaining the viabi li ty of seeds remaining in the field for up to 9 weeks after seed moi sture initiall y
declined to 20%. Resistance to moisture re-absorption by the hardseeded
line was clearly superior to that of 'Dare" (Table 3). Continuing work
with the hardseeded line has revealed similar results, and of particular
interest is that seeds of the hardseeded line exhibit very low level s of
internally seed-borne pathogens.
Summary and Recommendations
In many ways seeds are a product of their environment even though
they exhibit specific genetic characteristics through their inheritance
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Table 3.

Harvest
date

Effect of Field Envir onment on TWo Soybean Cultivars in 1973 and 1974

Moisture

Dare
Germination

Moisture

067-5677-1
Germinat1 on
HS

Total viable seeds

pe~cent

1973

10/8
10/11
10/14
10/29
11/5
11/ 12

21
15
12
16
32
17

86
90
89
93
5
51

16
11
12
11
22
10

90
61
60
57
39
30

.8
31
35
40
47
62

98
92
95
97
86
92

16
9
10
9
13
10
16
12
14
14

94
99
90
91
86

10
9
8
7
9
8
9
9

82

15
46
46
59
49
46
46
39
43
38

97
96
91
94
93
87
88
88
84
81

1974

10/4
10/12
10/19
10/26
11/2
11 /9
11/16
11/23
11/30
12/7

72

63
54
53
51

11

12

so

45
35
44
41
42
49
41
43
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pattern. The complex of environmental conditions frequently overrides
the expression of genetic characters causing seeds to exhibit additional
traits attributed to the environment (moldy seedcoats, shrivel l ed seeds ,
split or wrinkled seed-coats, or necrotic areas on the cotyl edons).
These traits lower seed quali ty, and the seeds are generall y referred to
as "weathered" seed . To improve seed quality in subtropical producing
areas, breeding programs should incorporate resistance to unfavorabl e
conditions while continuing to stress the necessity for improved management and production practices.
Economicall y successful soybean production depends upon rapid and
uniform emergence from the seed bed of healthy, competitive seedlings
from only one planting. This ensures uniform and rapid growth, uni form
maturity and optimum yiel d. Serious problems arise when seedlings
either emerge erratically over an extended period of time or fail to
emerge to an acceptabl e stand. Replanting causes tremendous losses in
time, investment and overall production efficiency. In fields where
farmers decide no t to replant even a poor, thin stand, production problems will continue to plague them th rougho ut the crop season. Weeds,
diseases i nsects and environmenta l conditions will conti nue to make an
initially poor stand even more unacceptable as the season progresses.
Th us , it is essential that increa sed emphasis be devoted to the
production of high quality seed which have the potential to produce a
profi t able crop under an array of field conditions . Seed producers or
seed production units must be established and tutored in acceptable seed
producti on techniques to insure the availability of the necessary production input , good healthy seed. Emphasis must also be placed upon the
necessity of handli ng the delicate soybean with care in view of its
sensi tive physiol ogi cal and structural make-up. Incorporating good
cultural and ma nagement techni ques into specialized "seed production •
programs should assist in resolving stand establishment problems with
the commerical crop.
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COMPREHENSIVE QUALITY CONTROL
Dennis A. Berkey ll
Eve ry seed company uses different methods of Quality Control. Some
have no system, other than that required by seed law enforcement . Other
companies may go the seed certification route as the method of Quality
Control . They utilize the expertise of the Crop Improvement Association
and their manpower in the way of field inspector s and seed testing
facitilies. Sti ll other companies may use a combination of both law
enforcement and certification to control the quality of their product.
Comprehensive Quality Control goes above and beyond law enforcement
and seed certification. Comprehensive Qua l ity Control would normally be
geared toward customer satisfaction and customer acceptance .
What is Comprehens i ve Quality Control?
Let's break this title down i nto the key words and examine them
closely . First, "Comprehensive" means - including much or conclu sive of
all things, Secondly, "Qua 1ity" is a word which describes a characteristic element or attribute-that attribute may be good or it may be poor.
For our discussion "qua lity" will mean a desirable trait . The third key
word, "Control, " means several things . We tend to think of this word as
meaning aut hori ty to direct or regulate . Originally, the meaning of
the word was to check or verify by comparison with a duplicate .
For a Comprehensive Quality Control Program to work, it must mean
the same thi ng to al l levels of personnel. For Quality Control to be
effective , it must "elicit" the same meaning or define the method to the
individual who is carrying out the work. For example, when I say that
I have a quality tomato- what kind of reaction do I get . If we are
ta l king about fresh market tomatoes, we have a completely different
product as compared to a shipping tomato and our quality might be very
low. If we try to ship a fresh market tomato , the produce arriving at
the grocery store would probably arrive crushed and unusab l e.
Let's now establish that the subject of this talk will center
around seed quality and all factors that relate to it .

llor. Berkey is Manager, Agronomic Crops Qua l ity Assurance , Asgrow
Seed Company, Ka l amazoo , MI.
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At the beginning, we should establish what we mean by good seed
quality . Good seed qual ity can mean the same as "fit for use" or as
far as a seedsman is concerned, it centers around the attributes of the
seed. Or. Oelouche has a long list of seed attributes, however we will
only mention the more important ones during this presentation. These
attributes include "trueness to variety" or "genetic purity" , "mechanical damage, " viability or germination," "vigor , " "disease infection , "
"insect damage," "treatment coverage," "size , " "appearance," "moisture
content , " "incidence of contaminants," ''uniformity" and "performance
potential."
If we put these attributes together, they will all interrelate to
one extent or another to give us what I consider to be the overall
seed quality . For example , let's take two soybean seed lots-both with
high germination potential . One of the seed l ots has a high level of
disease that can directly interfere with the potential to germinate and
give us an overall low quality seed lot, whereas , the other seed
lot may have low disease, which would combine with high potent ial
germination to give it an overall hi9h quality rating.
Feedback and Specifications
Many times when we think of quality we get lost in the dilemma of
strictly thinking about the seed itself. However, what good does it
do if you have the best hybrid or variety available but you cannot
deliver it on time. Service has a large part to play in a Comprehensive Quality Control Program. If we were a servi ce organization,
such as an air line or taxi service, the quality characteristics
would be based upon our ability to deliver customers to their destinations on time. Likewise, quality seed should deliver to the grower
a substantial yield and satisfaction, so that he will return to purchase seed from your company in the future. To know his reaction to
our seed we must have feedback . To derive feedback from our customers
and make it important to all people, some special steps are necessary.
We have to establish specifications, as substitutes for knowledge and
fitness for use.
In primitive societies, there was little need for formal specifications. Producers and consumers were either the same or lived in the
same village and conducted business in the village marketplace. They
traded in products which were familiar to both and were avai lable for
inspection . Today, fitness for use cannot be achieved through such
simple collaboration. For any seed product produced, the activities
of design, production, sales, use, etc., are carried out by numerous
persons employed through various phases and many times widely dispersed
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geographically . For example, the producer of turf-type ryegrass,
fescue or bluegrasses, which are grown, conditioned and packaged in
the Northwest, does not get direct feedback from the customer .
The steps necessary to arrive at a final seed product packaged
and available for the customer are many and varied . They begin with
planting and extend through growing, cultural practices, harvesting,
conditioning, testing, packaging and shipping . The people involved
in these steps often have very little understanding of how their contribution affects the final goal--which is fitness for use.
If we look briefly at some of the people involved, we find that
feedback is necessary to achieve the desired specification. For
example, the breeder developing a new soybean variety has to know what
type of market it will be going to. The grower, who may be responsible
for the cultural practices and the harvesting of the seed crop has to
know what cultural practices will give him the desired results and
what is expected in the way of harvesting to achieve or minimize
mechanical damage. What about the conditioner of the seed? If he
is selling for a very sophisticated market, such as for use on golf
courses, he may need to be very concious of what sod quality is and
what levels of weed contamination and types of weeds will affect the
usability or fitness for use of the product. If he is simply conditioning the seed for retail outlets, then weed seeds may not be a
big concern .
Taking a closer look at most of the steps involved in the progression of activities that lead to the final fit product, we can
see some of the specifications that may be necessary to achieve a
product that is fit for use (Figure 1).
When we compare specifications as a substitute for knowledge of
the fitness for use, we must be careful . We can get ourselves into a
real trap by establishing one set of specifications and sticking to
them, and lose sight of improving quality as we can.
Let's compare an area or attitude with respect to quality in two
different societies or systems . Currently, there is a lot of debate and
talk about the quality of Japanese products versus U.S. products. This
difference may be due to the attitude of managers in both situations.
The Japanese are constantly upgrading their goals. The American manager
assumes a certain rate of failure is inevitable, while the Japanese
manager shoots for perfection-and sometime comes close.
The quality function is the entire collection of activities through
which we achieve fitness for use-no matter where these activities are
performed.
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FIGURE 1
PROGRESSION OF ACTIVITIES AND SPECIFICATIONS
TO ACHIEVE FITNESS FOR USE

ACTIVITY

SPECIFICATION

Breedi ng new cu lti vars

Taste, Grade, Di sease
resistance, Yield , etc.

l
Testing experimental cultivars

l
Planning for production

l

Contracting

1
Growing

l

Conditioning

l
Inspection

l
Sale

Adapt ion
Customer acceptance
Area or location
Field history
Grower knowledge
Equipment
Cultural practices
Precondition checks
In process checks for
inert, weeds, damage
Gennination
Cold test
Physical evaluation
Plantability
Customer Reaction
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Let's look at the progression of activities necessary to get seed
from field to customer as in Figure 2, and pull out a specific example
found in the feedback loops for a closer look . Consider field production and harvesting steps . These activities are under the direction of
a production manager who may be the owner of a small company and has to
double in many activities; or he may be the manager of an area for a
larger company, but-again--has to double his du ties among other things;
or, he may be very specialized in a large company and be responsible
strictly for the fie l d production and harvesting operations . In any
case, for the individual to be effective, he must have the basic knowledge, skil ls and equipment necessary to affect the quality. A big part
of field production variables amount to training of the growers in
cultural practices and operation of their equipment. If each grower is
properly trained , he will have certain specifications to follow that
wi ll help him achieve his goal; however, to do this , he needs some type
of feedback as to the type of operation that he is doing. In the case
of soybeans, for example, a simple little device such as a small hand
screen can give him some idea of the amount of mechanical damage he is
actually inflicting upon the crop . He should have knowledge of how
harvesting conditions will change as the day progresses . He should
constantly check the condition of the seed and adjust his combine or
harvesting equipment to reduce or keep damage to an insignificant level .
When the combine operator fulfills the above, we have put him in a state
of self-control.
Self-control
When work is organized in a way that will enable a person to have
full mastery over the attainment of planned results, that person is said
to be in a state of self-control and can properly be held responsible
for the results.
Before a person can be in a state of self-control, several fundamental criteria must be met . He must be provided with:
1.

Knowledge of what he is supposed to do; e. g., the level
of acceptable mechanical damage in the case of the harvester .

2.

Knowledge of what he is doing; e. g., the actual level of
mechanical damage that he is inflicting upon the crop .

3.

A means for regulating what he is doing in the event that
he is failing to meet the goal. These means must always
include both the authority and the ability to regulate
either by: a) varying the process under his authority-such as how he is operating his machine; or b) varying
his own conduct-that is his method of operating the
equipment.

34

FIGURE 2.
Contro 1 subject
product quality

=~

Feedback loops

Inspector
measures actua 1
quality

Customer
satisfaction

Specification
It records
desired quality

35

If all the above parameters have been met, the person is said to be
in a state of self-control and can probably be held responsible for any
difference in performance or quality level of the product that is coming
out of his process steps.
Everyone involved in running one or more phases of a production
operation soon discovers that they might have to deal with a loss that
relates directly back to a failure in the Quality Control Program (QCP).
Types of Defects
Failures i n the QCP can be of two types . The more noticeable are
those that are the result of sporadic "troubles." All continuing performances are subject to variation. Some of these variations are nonsignificant. Other variations are so significant that they trigger the
alarm signal of the control system . Let's refer to the graph in Figure
3 showing the normal quality control system with confidence limits and
what a sporadic loss looks like . A sporadic loss is one that shoots the
quality or number of seed lots or samples that have significant defects,
over a certain maximum level . These types of defects are easy to correct.
The other type of defect is one that goes unnoticed and is referred
to as chronic trouble. Chronic troubles are those that basically go
undetected and unnoticed, or are simply "lived with." The difference
between the normal level or standard of quality and a new higher level
that can be achieved, is regarded as a chronic "disease," for which a
remedy can be found by determined men . When a new superior level of
performance or quality is attained, as a result of such determination,
it is called a "breakthrough."
To determine how a chronic trouble can be corrected, we have to do
some comparisons between the nature of sporadic and chronic defects , as
they relate to each aspect of an operation. Let's refer to Figure 4
which shows some distinctions between sporadic and chronic defects.
It ' s easy to see that there is a large difference between the two types
of troubles and how they are treated. However, for a company to make
gains and improvements, they have to look at ways to tackle chronic problems. Let's consider one example of how a new level of quality can
possibly be achieved . Some years back, it was very difficult to establish a pure production field of turf type ryegrass which would produce
high quality (weed and other cultivar free) seed acceptable for use in
elite golf course operations. A breakthrough that was significant some
years ago involved a method in which seed production fields could be
planted by using a herbicide, which normally kills the desired crop as
well as the weeds that require control. The breakthrough involved the
use of activated charcoal as a protectant to the planted seed rows and
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FIGURE 4
DISTINCTION BETWEEN SPORADIC AND CHRONIC DEFECTS
ASPECT

NATURE OF SPORADIC DEFECTS

NATURE OF CHRONIC DEFECTS

Tangible economic
l oss

Minor

Major

Extent of irritations
caused

Substantial. Sudden nature of
trouble attracts supervisory
attention

Sma ll. Continuing of trouble
leads all concerned to
accept i t as unavoidable

Type of solution
required

Restore the normal procedure

Change the procedure

Type of data needed

Simple data showing trend of
quality with respect to one
or two variables such as
germination

Complex data showing
relation to quality to
numerous variables

Plan for collecting
data

Routine

Specially designed

Data collected . . .

By Production

Frequency of analysis

Very frequent.
lot

Analysis made by
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Technical personnel
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enabled the grower to apply a herbicide that had very good activity
against many of the troublesome weeds and other perennial rye grasses
native to the area . This procedure can be thought of as a breakthrough
in production practices, which al l owed the innovators to attain a new,
lower l evel of weed seed contaminants in the products they were marketing .
Breakthroughs
An improvement is cal l ed a breakthrough if it meets two essentia l
criteri a .
1.

A new superior level of performance, which has not previous ly
been attained-a new level or norm can then be set.
11

2.

11

The change is the result of human determination to attain the
new level . It is not the result of l uck--man--not chance is
the master.

Let's back track briefly. We mentioned chronic defects or troubl es
above. With chron i c defects, we have to reali ze that what they have i n
common is that we do not know the cause. Lacki ng the knowledge , the
defect goes on and on-which is what makes it chronic . How to correct or
take remedial action depends largely on the successful completion of
diagnostic and remedial steps. There are three diagnostic steps:
1.

A study of the symptoms surrounding the defects to serve as a
a basis of theorization about causes.

2.

Development of theories about the causes of these symptoms.

3.

Analysis and experimentation to establ ish the true causes;
i.e., to test the reasoning.

The remedial journey normally begins when the true causes are
known. It consists of three steps:
1.

Development and testing of alternatives or remedies .

2.

Selection and application of the remedy.

3.

Revision of operations to hold the gain.

An example of breakthrough process can be seen in Figure 5.
Justification of the QCP
We have talked about ways of improving qua l ity and how quality
interrelates; however, we sometimes have the probl em of selling a
quality control program or the importance of i t .
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The first step - and the hardest step - of having or attaining a
comprehensive quality control program is selling it. Because the rewards of quality assurance are 11 hard" to measure, most businessmen are
slow to appreciate them. This attitude is changing rapidly.
Good quality, which consumers can afford, may actually reduce costs
and almost always increases productivity. The earlier you detect the
defect, the earlier and greater will be the savings.
For example, it we track or follow the accumulating production
costs for field corn, we can see how the cost can continue to build up.
We have planting, growing, detasseling, harvesting, drying, shelling,
storing, processing or conditioning, treating and bagging--each with a
cost that accumulates as the seed moves from one step to the next. If
at any time the seed lot is rejected, it will have accumulated a certain
amount of cost. If it reaches the stage of being treated and bagged, it
has lost all its value and nothing can be gained, such as a sale to an
elevator for commercial grain. If the seed is shipped to a customer and
then found to be defective, we have further costs that involve retrieving
the seed, replacement and a potential loss of the customer, not to
mention other more dreadful things.
Summary
In conclusion, we have to realize that an effective quality control
or quality assurance program involves the whole process: beginning with
the product design and continuing on to the marketplace . We may try to
control quality by putting enough inspectors in the line to weed defects
down to an acceptable level; but we have failed--if we need a lot of
inspectors. We cannot inspect quality in-we must build it in.
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SEED VI GOR INDEX - POSSIBILITIES AND PROBLEMS
Nonnan I~. Hopper

Y

The area of seed/seedling vigor has attracted much attention
during recent year s . Several reasons account for this but basical ly
these focus on the need to know the production potential of any given
l ine , cultivar, hybrid, and/or seed lot. This additional awareness has
largely resulted from economic factors assoc iated with the production,
conditioning, marketi ng, and planting of seed. This will be further
discussed under the secti on entitled "Importance of Vigor."
Definition of Vi gor
During the last several years, work in the area of seed/seedling
vigor has been somewhat hampered by the lack of an adequate definition
of "vigor. " Recently, however , the AOSA Vigor Test Subcommi t tee proposed the fo 11 owing defi ni ti on: "Seed vigor comprises those seed
properti es which determine the potential for rapid, uniform emergence
and development of normal seedlings under a wide range of field conditions . " This definition encompasses several important concepts . First,
a vigorous seed has the potential for rapid emergence. It is generally
accepted that a vigorous seed will emerge rapidly, and thus, not be
subjected to the numerous pathogens in the soil for any prolonged period
of time. Genera lly, i f a seedling is slow to emerge, the l ikelihood of
being weakened and killed by these organisms is greater . It might be
noted, however, that some recent evidence suggests that seedl i ngs
emerging "too rapidly" may be more succu l ent and thus more susceptible
to pathogenic attack . Further work wi ll need to be conducted to clarify
this relationship; however, it is almost universally accepted that
vigorous seedlings will emerge "rapidly . " Secondly, a vigorous lot of
seed shou l d emerge uniformly. This will insure that most of the seedlings wil l have near equal competitive abilities for the production
factors such as water, nutrients, li ght , etc., and as a result make a
contribution to the production of economic yie ld (fo rage , grain, etc.) .
Conversely, if seedlings do not emerge uniformly, the later emergi ng
seedlings will likely become stunted and, hence, non- productive plants
because of a lack of adequate amounts of nutrients, water, and light .
As a result, they became nothing more than "weeds" in that they do use

llor. Hopper is in the Department of Plant and Soil Science, Texas
Tech University , Lubbock , TX .
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some of the above production factors yet do not produce a significant
amount of economic return. A third component of the definition of
vigor is the development of normal seedlings . Generally, a vigorous
seedling will develop into a normal seedling/plant and thus be productive,
whereas, a non-vigorous seedling may develop into an abnormal seedling/
plant and be relatively non-productive. The fourth concept associated
with this definition is that a vigorous seedling will exhibit these
qualities under a wide range of field cond itions. When a farmer plants
the conditions of soil temperature, soi l moisture, soil physical
properties, soil pathogens, etc . are frequently not conducive for
optimum seedling performance. Therefore, a vigorous seed/seedling
should have the potential/ability to perform reasonably well under
these non-ideal conditions. This definition is a very useful one
in that not only are the concepts of vigor identified, but, in addition, they are somewhat quantifiable.
Importance of Vigor
The vigor of any lot of seed is important to all of those who will
be producing, conditioning, selling, and using the seed for planting
purposes. First, the seed producers (breeders and/or breeding institutions) are vitally concerned with seed vigor in that they only want
to produce and market high quality seed. In our competitive marketplace this is the only way that seed companies can stay in business.
Secondly, the conditioners of seed do not want to invest money in the
cleaning, sizing, treating, and bagging of seed that is of poor quality.
If they are aware that a lot of seed is of such quality as to be unsuitable for planting they can move it into various food or feed
channels before investing any additional money in conditioning. Thirdly,
seed salesman are interested in seed vigor. Knowing the vigor of a
seed lot can aid them in their pricing structure and in making recommendations to farmers as to planting date, planting rate, etc.
Finally, the farmer is interested in the vigor of the seed he will be
planting. This information will be useful in deciding which seed
to plant early when the environmental conditions are more stressful,
what rate to plant, etc. Thus, all individuals associated with planting seed f rom its production to its ultimate planting in the field
should be concerned with information relative to its vigor . In
addition, various regulatory agencies are becoming more interested in
the vigor rating of seed. With the prospect that some time in the
future seed may be labeled as to vigor, it is important that the
industry develop various tests that are not only accurate, but
reproducible.
Factors Controlling Vigor
The expression of vigor is controlled by a number of factors.
These include such things as the genetic makeup of the seed, the en-
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vironment under which the pl ant and seed develop, the harvesting,
conditioning, and storage conditions , and the age of the seed .
The upper l evel of performance potential of any living seed/
plant is set by its genetic makeup. The extent to which that i nherent performance potentia l is expressed wil l be dictated by the
environment under which that seed/plant develops. Therefore, for
the production of higher vigor seed , it is imperative that plant
breeders i ncorporate into their breedings programs a selection procedure for vigor. Vigor , as is the case with yiel d, is not a simply
inherited tra i t. It is control l ed by many genes. These include the
genes for such traits as the rate at which various enzymes break
down stored energy compounds, the rate at which these products are
translocated to growing tissues and synthesized into new compounds,
the rate of water inhibition and upt ake, the photosynthetic process ,
nutrient absorption and translocation, etc. Once seeds have the
genetic potential for vigor , they need to be produced under near
optimum environmental conditions such that they fully mature physically, physiologica l ly , and biochemically .
Once seed have reached physiological and harvest maturity - hopefully at a high vigor level - this vigor needs to be preserved during
the harvesting, conditioning, and storage phases. This will include
timely and careful harvest to prevent field deterioration and mechanical
injury , care in the conditioning processes to minimize any damage , and
storage under proper conditions to retard, as much as possible, the
deterioration process . Lastly, vigor is influenced by the age of the
seed . This is interrelated with the conditions under which the seed are
stored, but seed will genera l ly decline in vigor as age increases.
Therefore, steps need to be taken such that the seed can be utilized
within a reasonable period of time.
Problems Associated with Vigor Analysis
Problems associated with indexing seed as to vi gor basica lly f all
into two areas. First, any test(s) must accurately rate the seed l ot as
to its vigor potential. With several vigor tests currently available,
this criterion may not seem formidable. However , many of these tests
are designed to analyze seed vigor under a very specific set of condi tions - such as cool and/o r moist media conditions, media mechania l
res i stance to emergence, various pathogenic conditions, etc. Therefore,
many of these tests may be accurate under various loca l conditions,
but suffer from a lack of universal application from one area to another.
A second major area of concern in vigor testing is that of reproduci bility
of test resu l ts. This facet becomes i ncreasingl y important as vi gor
testing becomes more common place in the seed industry and becomes
11

11

11

11
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imperative if a vigor rating is to be included in the labeling of seed.
This would involve various regulatory agencies and the issue of liability would become paramount. Currently the AOSA (Association of Official
Seed Analysts) is addressing this concern by defining vigor in quantitative terms, attempting to standardize vigor tests, and conducting
referred tests among various labs - all in an effort to improve vigor
test reliability and reproducibility. Currently, for the most part,
these efforts are encouraging, but very time-consuming.
In addition and intricately associated with these two major problem
areas, is the manner in which vigor test results are expressed. One
option would be to express vigor on some type of continuum scale - for
example on a one to ten basis. If this is the case the test(s) will
need to be standardized, sensitive, and reproducible. Another alternative would be to 11 categorize 11 seed lots into vigor groups - for example,
low, medium, high or some other suitable catergorization. With this
method, the test(s) would still need to be standardized, sensitive, and
reproducible, but there would be somewhat more flexibility. As the
industry moves more into vigor testing this categorization method might
be better initially although some 11 grey 11 areas will still exist.
Vigor Test Possibilities
Tests for seed/seedling vigor have been classified by a number of
authors into the following categories: (1) physical tests, (2) physiological tests, and (3) biochemical tests. Generally, the physical tests
involve the measurement of some physical parameter of the seed such as
weight, volume, length, width, density, etc. The tests that involve
some performance parameter(s) are classified as physiological tests.
Included here would be such tests as the standard warm germination test
(rate and total), the accelerated aging test, the cold test, the 11 C001 11
test, and various seedling growth rate tests (radicle and hypocotyl
elongation, dry matter loss and accumulation in various seedling structres, leaf area accumulation, etc.). The biochemical tests involve
assaying the seed for various chemical components (protein, starches and
sugars, and oil along with free fatty acids), or monitering the rates of
various metabolic reactions (e.g. respiration, glutamic acid decarboxylase activity, etc.) and the integrity of seed membranes by means of
electrical conductivity (seed and/or leachate).
Results using the various phys i cal tests have been somewhat variable due to the crops being tested. Of the physical tests probably the
most often measured parameters would be that of seed weight (seed
index) and seed density. Physical tests have not been extensively used
to vigor rate seed in many species; however, some exceptions do exist.
For example, several studies in cotton have indicated a strong positive
relationship between seed density and seed vigor.
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A number of workers have had varying degrees of success in quantifying vigor based on certain of the physiological tests . Inherently,
the physiological tests should provide very useful vigor information in
that most of them measure some aspect of seedling performance which by
nature integrates the sum total of the physiological processes going on
within the seed/seedling. In addition, most of these tests impose some
type of stress condition(s) (mechanical resistance, temperature, moisture,
pathogens, aging, etc.) on the seedling in order to simulate early
stress planting conditions and/or periods of storage. Probably the most
often used physiological tests would be the low temperature stress tests
(cold test and Texas cool test) and the aging test (accelerated aging).
As previously indicated the biochemical tests measure the amounts
of various chemical components (starches, sugars , lipids, free fatty
acids, etc.), the degree or rate of various enzymatic reactions (respiration, biochemical component breakdown or synthesis, etc . ) , and the
degree of seed membrane integrity (v ia electrical conductivity). Historically, the tetrazolium test (TZ}iand the assay for free fatty acids
in certain species have provided very useful information relating to
vigor. The results with certain of the other tests have been variable
depending upon the species being studied. More recently, studies
involving measurement of electrical conductivity of seed leachates have
shown promise in evaluating viability and vigor in certain species.
In this paper I have not attempted to detail the procedures for any
of the vigor tests. In most cases, standarized procedures are still
being formulated . Currently the AOSA Vigor Test Subcommittee is making
substantial progress in an effort to compile and publish a handbook
dealing with vigor and the measurement of such. The AOSA Vigor Test
Handbook is slated for release in 1983. It will suggest procedures for
the measurement of vigor for several species. It should be emphasized
that these procedures are not intended to be "final and standard" procedures, but should represent a "giant step'' toward this goal. For
those desiring more immediate vigor test procedures, the literature
abounds with this information.
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DENSITY SEPARATIONS
Edgar R. Cabrera

11

Previous discussions have established that the purposes of seed
conditioning are primarily to remove contaminants, size grade to improve
plantability, upgrade the quality of the lot, and to apply treatment
materia 1s .
The removal of contaminants is primarily carried out by the air and
screen cl eaner which is considered the basic machine in seed conditi oning. Size grading usually involves machines such as the indent cylinder, disc separator and the width and thickness grader, all of which
take advantage of physical differences among seeds to perform the desired separation. Seed treaters are used to apply fungicides and/or
insecticides to seeds to protect them during storage and in the seedbed .
Seed lots can be cleaned and size graded accordingly, and the
quality of some lots can still be further upgraded by using certain
distinguishable physical differences among seeds. These physical differences include seed characteristics such as shape, density, weight,
coat texture, color, electric conductivity, and affinity for liquids.
These properties are also exploited for the removal of contami nants. My
discussion will focus on density separations.
Seed density is the ratio of the mass of a seed to its volume.
Thus, we can see why it is so important to start with a uniform size
seed lot when we are going to perform a density separation.
Prior to performing a density separation a seed lot should be
cleaned and, if necessary, size graded ; otherwise the separation might
be more of a size separation than a density separation.
When thinking about density separations we tend to think about the
use of liquids to stratify and separate solid particles. This has been
done, and it is still used in some industries, but for conditioning seed
a more available, free element is used , air. Air can be moved and
forced by fans to suspend solid particles:-and depending on their density they can be stratified . When stratified, the layers can be separated and a density separation has been performed. The machine that
does this - the gravity table - was originally developed to separate
ores in the mining industry during the 11 gold 11 mining days.

11 Mr. Cabrera is a member of the STL staff.
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Taki ng a cl oser at the gr av i ty table we can see that it consists of
the f ol lowing parts: (see Figure 1).
1.

Base and frame

2.

Oscillating deck

3.

Fan(s)

4.

Ai r chest

5.

Dr ive mechanism , and

6.

Feed hopper

The base anchors the machine to the floor securely. The frame
provides the structural suppor t for al l other parts of the machi ne.
Mounted on the frame above the air chest is the deck, which provi des a
perfor ated or porous surface through which the air is blown to strati fy
the seed mass. The deck is hel d tightly secured to the upper part of
the fr ame by means of cl amps or bol ts. The deck is osci ll ated by motion
tra nsmi tted from the drive mechanism by a seri es of metal toggl es . One
or more fans force air into (or pul l air through) the air chest , where
by a series of baffles (which can also be located above the fan outl ets
or buil t into the deck frame) the air is di stributed uniformly and
forced through the deck. In some models the fans are activated by the
same motor which causes the deck to vibrate. In others, there mi ght be
more than one motor. "Vacuum" gravity separators have a hood to enc 1ose
the deck completely, and a fan pulls the air through the deck and exhausts it from the hood . A feed hopper is located i n the back corner
opposite to the high side of the deck to unifo rmly meter the flow of
seed enter i ng the deck.
Principles of Operation
A density separation on a gravity table is accomplished in two
steps (Figure 2). First , as the seeds are fed by the feed hopper onto
the deck, they are vertical ly stratified by the air-stream flowi ng
upwards through the porous or perforated deck s urface (Figure 2b) . Thi s
takes pl ace in the area near the feed poi nt which is known as the stratifying zone (Fi gure 3) . I n the strati fyi ng zone li ght seeds are s uspended on a cushion of air, wh i le the heavier seeds are not l ifted by
the ai r - stream, and , thus , remain in contact with the deck surface. A
l ayer of i ntermediate weight seeds is found between the light and heavy
seed l ayers (Figure 2b).
Once stratified, the seed layers have to be separated, and di scharged through different spouts . To accomplish this, the deck which is
mounted on incl ined togg l es, is slightly sloped sideways. An eccentric
dri ve system moves the deck foward-up and back- down, and the motion is

49

Figure 1. Diagram of a gravity table.
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Figure 2.

Principles of gravity separation. A- Fan intake closed; no o
stratifi cation. B - Proper vol ume of air flowing through
the deck; seed stratified by densit~ C- Excessive volumeeee
of air flowing through the deck disruptTng the stratification.
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such that the heavy seeds are pitched up and forward, and by that time
the deck returns back down and catches the seeds at a point farther up
the deck. The deck oscillates fast enough that in a matter of seconds
the heavy seed are moved to the higher side of the deck and are discharged from it. The l ight seeds which are floating on top of the layer
of heavier seeds will flow by gravity to the lower side of the deck and
eventually be discharged at the lower side of the discharge end.
There is always a zone of seeds of intermediate weight between the
light and heavy seeds. This is known as the middling product which is
normally accumulated and re- run to recover some of the heavy seeds
before the light fraction is discarded. There is not a sharp del ineation between these zones and one has to determine the cutting point
between them.
Common Uses of the Gravity Table
The gravity table can be used whenever the parti cles that need to
be removed differ in specific density from that of the "desirable" seed.
However the most common use of the gravity table in the seed industry is
for removing light seeds, i .e . , immature, insect damaged, empty seeds,
as in the case of cotton, corn, wheat, beans, peas and bermuda grass
seeds.
By removing the light weight seed, the quality of the lot as a
whole is improved, and its test weight is increased.
Previous research has shown that seed of higher density within a
lot are generally of higher quality and, hence, perform better in the
field . Bill Gregg, working with cotton seed at the Seed Technology
Laboratory, MSU, divided the discharge end of a gravity table into 10
segments: segment 10 being the highest point of the discharge end
(where the heaviest seed discharges) and segment 1 the lowest point of
the deck. He found that test weight and germination percentage of the
separates increased as sampling position number increased (Figures 4 and
5). Similar results have been obtained by other researchers working
with different crops. In the conditioning of Pensacola bahiagrass, the
use of a gravity table after cleaning the seed with an air-screen
cleaner greatly improved the germination and physical purity of the lot
as a whole (Figure 6) .
Some soybean seed producers utilize a gravity table to remove the
majority of soil peds containing cysts of nematodes, which might not be
removed by the A &S cleaner in certain lots of soybean seed . Cockleburs can also be removed by the gravity table from a soybean seed lot.
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separator. (Gregg, 1969 ) .
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Germination of Pensacola bahiagrass from different discharging points of a gravity table.
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Common Mistakes in the Installation and
Use of the Gravity Tabl e
Weak Foundation
As with any vibrating machine, the gravity table must be securely
fastened to the floor . This means that the base should be bolted down
to a reasonably thick concrete slab. Sometimes it is necessary to raise
the machine to properly feed an el evator hopper. If this i s the case,
remember that the higher the base on which the gravity table wil l be
mounted, the stronger the vibration will be , so the stronger the foundation should be.
Blocked Air Filters
Gravity tables are often shipped with the filters covered to protect them during shipping and installation. Remember to remove these
after the machine has been installed. On some occasions, the air in the
conditioning plant is very dusty. The filters have been installed to
protect the deck perforations, but some dirty air can pass the f ilters ,
plug the air openings in the deck cover and eventually cl og the filters.
This wil l badly affect the separation, so if the filters require frequent cleaning, outside clean air should be ducted to the gravity table.
Fan(s) Running Backward
If inadequate air pressure develops in the air chest even with the
maximum air opening, "fans running backward " might be the probl em.
Changing the position of any two of the three wires in a three-phase
motor will reverse its rotation. This sometimes is a problem even in
old installations after electrical repairs or modifications. A wire is
sometimes changed in the service box.
Loose Belts
Loose belts are easily detectable when erratic vibration of the
deck causes irregular flow of seed on the deck. This problem is most
common when starting the machine on cold mornings .
Wrong Deck Cover
Deck covers made out of cloth or sheet meta l with smal l perforations are used for small seeded lots. Larger seed (such as cottonseed,
soybeans, corn, etc.) require more air for stratification, and a wire
mesh deck cover with larger openings is used. The metal strips (riffles) located on the deck parallel to the vibrating motion aid in retaining the seed a little longer on the deck, thus improving stratification and guiding heavy seed to the higher side of the deck. Check
to be sure that the proper deck is being used.
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Rectangular Deck vs. Triangular Deck
The main difference between a rectangular and a triangular deck
gravity table i s the distance which the light and heavy seed travel
across the deck.
A triangular deck allows the heavy portion of a seed lot to remain
longer on the deck since it has to travel further than the light and
middle portions before it is discharged. On the other hand, the rectangular deck has a longer "low" end, thus, light seed remain longer on
the deck before they discharge.
Since in most cases seedsmen use the gravity table to remove
lighter material and this material makes up a smal l portion of the lot,
a rectangular deck seems appropriate for most seed conditioning operations. However, both types of decks wil l perform a good separation when
the gravity table is properly installed and operated.
Stoners
A stoner is a special type of gravity table, which i s commonl y used
to remove a smal l amount of heavy materi al (stones, soil peds, etc.) out
of a seed mass. it can also be beneficial in recovering heavy crop seed
which are mixed with the soil peds and sand and gravel discharged at the
high side of a gravity table.
In contrast to a gravity table, a stoner discharges only two products: a heavy fraction and a light fraction . There is no middle
product . The principles of operation and cares of instal lation are the
same as those of a gravity table.
Aspirators and Pneumatic Separators
Although not as precise as the gravity table, there are other
machines that by using forced air can separate different materi als based
on their weight. In the seed industry the two most important ones are
the aspirator and the pneumatic separator (Figures 7 and 8).
The main difference getween an aspirator and a pneumatic separator
i s the location of the fan. In a pneumatic separator the fan i s located
in the intake end of the machine . The air is bl own in the machine,
creating an air current with greater pressure than the outside atmospheric pressure. This air blast when properly regulated i s able to
lift light material out of the seed mass. In an aspirator, on the other
hand, the fan is located at the air outlet of the machine. When the fan
is running it creates a low air pressure in the machine which is filled
up by air "rushing" from the outside. This rushing air then is used to
lift the li ghter materia l .
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Flow diagram of a fractionating aspirator.
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In both machines seeds are fed into a r1s1ng column of air. The
heaviest seeds will fall against the air column and be discharged, while
the lighter material (which might .be chaff, dust, insect damaged, immature seeds, etc.) are lifted by the air and, thus, separated from the
heavy material. A single column pneumatic separator will discharge two
products. If two columns are combined in the same machine and the light
product dishcarged from the first column is run through the second
column, a three way separation can be accomplished.
Some fractionating aspirators have provisions to discharge more
than two products by gradually increasing the area of the air column and
by allowing the material to fall out of the column at different points.
Both machines have a variety of uses, especially in the conditioning of corn, peas, beans and grass seed. Some of the disadvantages of
air separators are their relatively large size and that they can blow
dusty air in the conditioning plant, while the main advantages are their
large capacity and simplicity.
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CONVEYING:

A NECESSARY EVIL
Bob Park ll

If we could design the perfect seed plant, it would not contain
conveyors. The seed would be grown on a high plateau, harvested and
dumped into the top of a plant in the valley below, flow by gravity
throughout the plant, and wind up in a bag or truck at the bottom _of the
plant. There is no such system in existence today; therefore, one must,
by necessity, convey seed to get from A to B horizontally, and from down
to up and up to down.
Most conveying is a compromise. The perfect conveyor, like the
perfect seed plant, does not exist. Each conveyor is designed with only
one purpose for its use, and seldom has all good features. Finding the
right conveyor is the trick.
In most seed plants I've visited, innovation seems to run rampant.
Seedsmen are especially ingenious when it comes to customizing their
plants to get seed from one place to another. It's my impression that
the average seedsman feels the perfect plant would allow him to go from
every bin to every machine and from every machine to every bin. The
results of such attempts are sometimes awesome.
However, there is nothing wrong with any system, basic or sophisticated, if it accomplishes the goals set for it.
~1any of you have not had the opportunity to plan and build a seed
handling facility from scratch and to your own specifications. While it
sounds great, most of the headaches of design are from trying to get
from one place to another. Most people set the problems aside with the
thought that it will be simple, and, when they are done, their dream
plant has become something else.

It doesn't have to be that way - all you need to do is spend some
time analyzing the needs and problems and, usually, the answer is there.
Two prime problems are associated with conveying:
1.

Seed mixture

2.

Seed damage

ll Mr. Park is associated with the D. W. Tyler Co., Danville, IL.
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Our objective is to see that no mixture occurs in the conveying
system, and that the seed germination is not affected or the seed is not
abraded, dehulled, split or chipped. There is really no point in
throwing away precious seed revenues because our equi pment damaged the
seed. Moving equipment is not the only source of damage, since even raw
edges on spout joints can be rough on seed, but the opportunity for
damage is higher in moving equipment.
There are many factors to consi der in selecting a conveying system:
1. Movement - vertica l , horizontal, inclined
2.

Product - heavy, light, trashy, bulky

3.

Multiple feed points - single discharge

4.

Multiple feed points - multiple discharge

5.

Single feed point - single outl et

6.

Single feed point - multipl e outl et

7.

Dust or water-tight

8.

Access for maintenance

9.

Prevention of plugging

10.

Mixing characteristics

11 .

Damage characteristics

12.

Capacity needs

These are not al l of the factors, a notable exception being Price.
It would be ideal to disregard price, but, realistically, most decisions
are made in the light of price - thus the comprise. The trick is to
get the maximum number of factors covered.
The basic categories of conveyors are :
1.

Bucket Elevators - centrifugal type

2.

Bucket Elevators - continuous type

3.

Screw Conveyors

4.

Belt Conveyors - pan and

5.

Vibrating Conveyors

trough~tube
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6.

Drag Flith Conveyors - standard and mass f l ow

7.

Pneumatic Conveyors a.
b.

8.

Positive
Negative

Gravity Spouting

Each category could take a session to go into the design and uses~
and we cannot now~ so we will briefly describe each one and give its
relative merits and disadvantages.
Bucket Elevators - Centrifugal (Fig. 1)
The bucket elevator is the most widel y used and misunderstood piece
of elevating equipment. Since we can ' t see inside~ we surmise what
happens - and the cost is often damage. The seedsman is presented
with many choices in the market and~ unfortunately, the best units
are large, costly, and rare. The seed are carried from the bottom to
the top by a belt which has buckets fastened to it . At the top,
the seed is dumped, thrown, or shot from the buckets, according to the
design, and the buckets return to the boot for reloading. The idea
is so old, King Tut had one painted on his tomb. The capac ity i s a
function of belt speed and bucket capaci ty up to the point where speed
does not allow bucket filling.
Properly sized and run at proper speed, the centrifugal forces
involved can be used to carry the seed over the top of the pulley and
drop it i nto the discharge opening. Under-speeded, it drops out too
soon. Over- speeded, the seed becomes a projectile.
Some smaller head pulley elevators have taken advantage of the
centrifugal effect and cause the seed to follow the outside curve of
the head to discharge, thus avoiding impact, but sti l l attaining a
high speed, although susceptible to abrasion.
On the other hand, a large head pulley can handle a much faster
belt speed (and capacity) because the tip of the cups passing over a
larger arc generates less force than over a small one. Therefore,
handling of high volumes is easier. The relationship of head pul ley
diameter to belt speed follows:
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FIGURE 1. BELT-BUCKET ELEVATOR.
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Head Pu 11 e.l: Dia.

RP~1

Belt SEeed FPM

12 11

60

188

16"

52

218

24 11

45

283

30 11

39

306

36 11

37

349

42 11

34

375

48 11

32

402

60"

28.5

448

The manner of feeding the boot is also a factor : up leg feed is
considered standard because of the access to the bucket. However,
very dry soybeans, edible beans, trash or light products feed better
on the down side .
Centrifugal elevators are not self-cleaning as they are marketed;
however, special modifications of the boot can make cleanout easy.
Maintenance is low. Initial cost is lowest on small - head pul l ey
units. Initial cost is moderate on large-head pulley units. Life
is long and operating cost is low.
Gravity Discharge Elevators (Fig. 2)
One of the best elevators for fragile seed, the gravity elevator
has buckets mounted on a chain in a continuous manner. The chain
moves slowly in comparison to centrifugal elevators .
Loading is through a metering feeder and discharge is caused by
tipping the buckets in a gimbal. The buckets can be divided for
simultaneous carrying up to four products.
There are two kinds:
A.

Internal discharge
The chain travel is rectangular and discharge is at the center top.

B.

External discharge
The chain returns very cl ose to the up side and discharges by
rotating over the head pul l ey. This elevator can go around
corners.

66

FIGURE 2.

GRAVITY DISCHARGE ELEVATOR.
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Damage and mixture - none
Initial cost

- high

Maintenance

- average

Cleanout

- none

Space Required

- very large

Changeover

- quick

Capacity

- low (compared to size)
Screw Conveyors

The screw conveyor is a very old, respectable, way to move material
- but it has to be used cautiously with seed. Available in "U" trough
and tube styles, they are considered a definite "No" for fragile products. They are not self-cleaning. Screw conveyors are good for easy
multiple inlet and outlet usage. They work very well on inclines up
to 15o losi ng about 25% capacity. At 25° incline, they lose 50%
capacity. In the tube configuration, they will convey straight up
but with considerable attrition and high power usage.
Most people do not realize that there are choices in flighting
and, in some applications, the use of double flighting or half-pitch
flighting can help feeding problems or keep up capacity.
Initial cost is low.
Maintenance is good on non-abrasive products , but is more than
with other types of conveying.
Damage and mixture features preclude use of the screw conveyor
from most clean seed operations.
Belt Conveyors
There are two kinds of belt conveyors:
A. Slider- where the belt runs over a pan that forms side walls
and supports the belt. This is used for lengths up to 100 ft. for up
to 6,000 bu./hr.
B. Idler - consists of a head and tai l pulley and multiple rollers
at angles to form the belt into a trough. This is primarily used in
high volume operations carrying many thousands of bushels per hour.
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However, small er units are used for long runs to keep horsepower requirements down .
Belts are non- choking , wel l adapted to multiple feed points but
poor for multiple discharges. A tripper is the only really effective
discharge device for a multipl e outlet bel t . Most trippers are too
large and too dirty to use in seed operations. Spillage i s bad.
Seeds are treated well on a belt, but cleanliness is a problem.
Pan conveyors are not self-cleaning and are difficult to cl ean.
Genera l ly, the heavier the material , the hi gher the belt speed:
700 FPM being the highest practical speed . Seed and light materials
should travel about 200 FPM.
Maintenance is high.
Operating costs are low.
Inclines over 12° are not good.
Initial cost is reasonable.
Vibrating Conveyors
The vibrating conveyor is 100% self-cleaning. Available in
balanced and unbalanced model s , its low cost and clean, damage- f ree
oper ation is very attractive. The unbalanced unit can be used up
to about 100ft. if firmly anchored; the balanced units , over 100
ft. (but also anchored) . Very few vibrating conveyors are available
for use unanchored , since each one must be custom balanced and i s ,
therefore, expensive.
While maintenance is low over the first couple of years, they can
become unreliable when worn.
Stroke varies from 1/8 11 to 111 , with speeds slowing as the stroke
increases.
Vibrating units are non-choking, and the electric units with
very short strokes are excellent modulated feeders.
Multiple inlets and outl ets are possible, but carryover can be
a problem.
Operation costs are low.
Initial cost is low .
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Installation is simpl e on a firm base.
Cleanout is excellent.
Drag Flight Conveyors
A. Standard Drag - availabl e in 6-inch to 36-inch units and
capacities from 800 to 40,000 bu . /hr : the single chain with nylon
flights operates in a standard U" trough. They are easy handling,
and have fairly good cleanout. They can be readily inspected and
repaired by local people. Using the by-pass inlet, they are nonchoking and readily start and stop under load .
11

Power usage, especially in long runs is low , and multiple inlets
and outlets are easy. Caution : there is a slight carryover on multiple outlets . While this can be reduced by addition of chain brushes,
no guarantee is g~ven on stopping entirely.
Price is about 1.5 times that of the screw conveyor but drive costs
are less . Flights can be half-spaced for use on inclines.
B. 11 En Masse 11 Flow - used for 1a rge vo 1umes in a sma 11 conveyor,
the flighting is a plastic or meta l bar at periodic intervals on a
chain which runs near the bottom of the flat - bottom trough. The
trough itself is filled nearly to the top with product, leaving only
enough room for the return chain to pass. The material moves en
masse as though it was on a belt and with very little abrasion-. Costs
are comparable to drag flight conveyors, but they are not widely used
in clean seed operations because the chain running on the bottom
causes seed damage . This conveyor operates more efficiently on
material that is fibrous or trashy . As a rule of thumb - if it's
hard to get out of a bin, the en masse conveyor wi 11 work we 11. 11
11

Pneumatic Conveying
Since 1950, pneumatic conveying has developed into its own.
Everything from sawdust to live chickens are conveyed by air. The
systems are clean, all-inclusive, requiring no el evator legs or
conveyors, can take multiple inlets, multiple outlets - almost perfect
- except for seed . The velocity of conveying ma kes fragile seeds frac ture, and the cost of purchase, plus very high operating costs, rule
out their use.
Both suction and pressure pneumatics are simple as far as handling
the product, but very expensitve to handle the carrier air. Expensive
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pumps or fans, high horsepower motors, collectors and filters are
necessary. Va l ves and fittings are precision and expensive.
Europeans are reporting use of low velocity systems in soybean
plants, but no details are available as yet.
While this discussion
will remember that solving
ahead. Pick what you li ke
regularly and balances the

has been brief and simpl istic, I hope you
your conveying needs is a matter of pl anning
as long as it helps you go to the bank
system.
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ENVIRONMENTAL EFFECTS ON SEED PRODUCTION AND QUALITY
James C. Delouche

11

Good Cl i matic Areas
Environmental factors have a great influence on the development and
quality of seed. The specialized seed production areas in the U.S. and in other countries - have developed because of the favorableness of
the environment for seed production.
A major portion of the seed of temperate climate forage and lawn/
turf grasses is produced i n the Pacific Northwest. Climate and other
components of th~ environment are very favorabl e in the Pacific Northwest for productfori of grass seed . The most i mportant factor is a dry
summer season . This factor combined with mild winters , ample rainfall
during the winter/spring growing season, and a variety of soil types
contributes to high yields , excellent harvesting conditions, and high
seed quality. The kinds of seeds produced in the Pacific Northwest can
be produced in other areas of the country - and were in former times but the risks are many and severe. Very often the seed crop reaches the
harvesting stage in good shape , on ly to be essentially lost because of a
period of bad weather .
The arid irrigated areas in Cal ifornia, Idaho, Arizona and other
western states are important producers and suppliers of vegetable, ornamental, and forage legume seed. Low humi dity, minimal rainfall, bright
sunny weather , favorable temperatures, and good soi l s are al l ideal for
production of high yields of high quality seed, provided , of course, the
moisture requirements can be met through irrigation . The risks associated with production of vegetable, ornamental and forage legume seed
in non-arid areas are essential ly absent in arid, irrigated zones.
The favorableness of the environment in the seed production areas
cited has long been recognized . Seed production has developed into
highly specialized and professional types of "farming" and agri - busi ness. Research and extension activities have evolved to support the
continuation and improvement of specialized seed production in these
areas.
The case of cottonseed is a very recent example of a shift i n seed
production from relatively unfavorable, hi gh risk areas, to a more
favorable area with fewer risks. Until the late 1970s, most of the

11 Dr. Del ouche is with the STL, MSU .
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cottonseed used for planting the crop in the Southeast was produced in
the area. Seed quality was (and is) highly variable because of variable
climatic conditions during the harvest period. Seed produced in Arizona, on the other hand, is higher and more consistent in quality.
Since many of the varieties grown in the humid portions of the cotton
belt are also grown in Arizona, much of the cottonseed presently planted
in the Mid-South and Southeast are produced in Arizona and shipped east
for conditioning and marketing.
Non-Climatic Aspects
The non-climatic components of the environment can have as great an
influence on the selection and development of seed production sites as
the climatic components. In the production of insect po l li nated seed
crops, for example, an abundance of pollinators i s i mporta nt. Sweet
corn seed are produced in Idaho not only because yields are good, but
also because isolation is available to minimize or prevent cross pollination with field corn.
India is the only major producer of hybrid cottonseed. The main
factor in India's hybrid cottonseed production is an abundance of lowcost labor for hand pollination and individual boll harvest. Chi na is
now producting hybrid rice seed utilizing rather laborious procedures
for pollination. The ma le sterile system in these crops facilitates the
development of hybrids by eliminating the need for emasculation, but
does not solve the pollen transfer problem. Considerable work on hybrid
rice and cotton is underway in the U.S. and, perhaps, the problem will
be overcome sufficiently in a few years to make hybrid seed production
economically feasible.
The main advantages of producing seed in areas especially adapted
to seed production because of a favorable environment are high, stable
seed yields, excellent recovery during harvest, high seed quality and
the avoidance of many seedborne diseases. Yet, despite the advantages
of the environmentally favora ble seed production areas, the seed of most
major field crops produced in the U.S. wi ll continue to be produced in
the same areas where the commercial crop is grown because of convenience
and cost.
Effects of Environmental Stresses
Plants have evolved a rather remarkable capacity to adjust seed
production to the resources available. Typically, plants produced under
ma rginal conditions of water supply and low fertility respond by re~ the number rather than the quality of seed produced. The few
seed (low yield ) produced by plants under marginal conditions are usually as viable and vigorous as those produced under more favorable
conditions. From an evolutionary viewpoint, the adjustment of seed
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production to the avai l able resources has survival value. A few good
qual ity seed have an equal or better chance of surviving environmental
hazards, germinati ng, and developing into at least a few pl ants to
continue the species as a greater number of poor quali ty, deficient
seed . Furthermore , the species can extend its range into marginal
areas .
Examples of the adjustments of seed production to the avai labl e
resources while sti ll maintaining quality are numerous. The severe
droughts of the past two years (1980 and 1981) in many areas of the
South cut yields (number of seeds produced) by 30% or more . Yet, the
seed which did mature were of exceptionally high quality because of less
post- maturation deterioration. Farmers fight weeds tooth and nai l, yet
a few plants usually surv i ve to produce a few seed to re-infest the soil
and insure a population of weeds the fol l owing year.
Although plants have the capacity to adjust seed production to the
avai l able resources , the enviroment in which the pl ants devel op and
complete their life cycle can influence the quality of seed . Shortages
in resources that develop suddenly - acute shortages as opposed to
chronic deficiencies - can be especially damaging to seed quality.
Shri vell ed , chaffy wheat seed is a good exampl e of the effects of an
acute shortage of moisture . The seed are set, and start to devel op,
then moisture supply diminishes to a critical level. Norma l seed filling does not occur so the seeds are light and chaffy . If the moisture
supply is deficient before and during the flowering period, fewer seed
are set, hence, there is a lesser demand on the moi sture resources . In
this situation the plant does not have a chance to adjust the number of
seed produced to the available resources, so a good number of l ight,
poor qual i ty seed are produced.
Gene rall y, ac ute shortages of resources that develop during the
late flowering and early seed development stage affect seed size and
seed weight.
Seed Size, Weight and Density
Seed size , weight and density are inherent characteristics that are
very much influenced by the total environment of crop producti on. Seed
weight , which is usually closely related with seed size, and seed number
are the major determinants of yi eld. High yi elds are obtained when the
product of seed number x seed weight gives a hig h production of dry material, i.e., grain per unit area of land. Trade- offs between seed or
grain number and seed or grain wei ght permit -within limits - exploitation of different avenues for economically optimizing yield. An inherently smal l seeded variety of plants can yield as well as a large
seeded variety provided there is a compensating increase in seed number
per unit area - either more seed/head or more pods/unit area.
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Although plants have the capacity to adjust seed production to the
available resources, the enviroment in which the plants develop and
complete their life cycle can influence the quality of seed. Shortages
in resources that develop suddenly - acute shortages as opposed to
chronic deficiencies - can be especially damaging to seed quality.
Shrivelled, chaffy wheat seed is a good example of the effects of an
acute shortage of moisture. The seed are set, and start to develop,
then moisture supply diminishes to a critical level. Normal seed filling does not occur so the seeds are light and chaffy. If the moisture
supply is deficient before and during the flowering period, fewer seed
are set, hence, there is a lesser demand on the moisture resources. In
this situation the plant does not have a chance to adjust the number of
seed produced to the available resources, so a good number of light,
poor quality seed are produced.
Generally, acute shortages of resources that develop during the
late flowering and early seed development stage affect seed size and
seed weight.
Seed Size,

\~eight

and Density

Seed size, weight and density are inherent characteristics that are
very much influenced by the total environment of crop production . Seed
weight, which is usually closely related with seed size, and seed number
are the major determinants of yield. High yields are obtained when the
product of seed number x seed weight gives a hi gh production of dry material, i . e., grain per unit area of land. Trade-offs between seed or
grain number and seed or grain weight permit - within limits - exploitation of different avenues for economically optimizing yield. An inherently small seeded variety of plants can yield as well as a large
seeded variety provided there is a compensating increase in seed number
per unit area - either more seed/head or more pods/unit area.
Although I m sure there are exceptions, there does not seem to be
any consistent advantages associated with inherently small seed size (or
weight) or inherently large seed size (or weight). Very small seed such
as those of tobacco would probably find the going rough in a broadcast
seeding on roughly harrowed soil. But then so would coconuts.
1

Seed size, hence weight, is seldom uniform even within a homogenous
variety . Rather, seed sizes within the population are more-or-less
normally distributed within limits. Variations in seed size within a
variety can be related to soil fertility , moisture availability, lateness of the flower, position on the plant, i.e., main stem or tiller,
position in the 11 head 11 , and so on. The influence of environmental
factors is such that even the mean seed size of a variety varies from
season to season and location to location. For example, the mean size
of Bragg soybean seed produced from a common seed lot varied by nearly
2/64 in. among locations ranging from South Carolina to Texas in 1972.
(The Texas seed were largest- wouldn•t you know).
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While there doesn't seem to be any . cl ose relation between seed size
per se and seed quality or between seasonal and location variati ons in
mean seed si ze within a variety and seed qual ity, there does appear to
be a rather consistent relationship between seed size within a populati on , or lot of seed, and quality . Seed substantially small er excluding obvious immatures - than the mean si ze of the population are
less viable and l ess vigorous than the l arger seed . Frequently, seed of
the very largest size cl ass are also lower in quality as compared to
seed in the next largest size cl asses. The physiological causes of
weaknesses in the small est seed in a lot have not been elucidated . In
the case of soybeans and peanuts the smaller or smal lest seed respond in
some ways simi l ar to immature seed, although they do not "look" immature, i . e. , they are not mishappen, shrivel l ed, or low in density.
Perhaps , they are immature despite appearances. The association of
lower quality with the largest seed in a population or lot has a much
more clearly defined bas i s. Some diseased and badly deteriorated seed
are sort of "puffed up" , hence are large, sometimes abnormally so. The
large seed also appear to sustain more mechanical damage during harvesting and handling, which reduces quality.
Usually, the smal l est size seed and the abnormally large seed make
up less than 5% of the lot weight of thresher run seed. Most of these
seed are sca lped off or dropped through the bottom screens during conditioning and end up in the screenings. It is very difficult to demonstrate a relationship between seed size and quality in properly conditioned seed lots. Conditioning essentially eliminates the problem.
Seed quality is genera lly associated with seed density (weight/unit
volume ) and the two are very strongly associated in certain kinds of
seed. The association is closest in those kinds of seed in which the
covering encloses a characterist i c volume regardless of the stage of
maturity of the embryo or true seed. For example, pine and rice "seed"
(with hulls ) are the same size whether the embryo or grain is well
devel oped or essentially non-existent. A similar situation exists in
cotton, castor bean, sunflower, and most grass seed enclosed in hulls.
The density of the seed is determined by the degree of "fill'', or development of the caryopsis, "true " seed, or embryo . The void space
within the "seed units" of these species can be easily demonstrated by
X-radiographic analysis, or even more simply by cutting the seed. The
association between density and quality , therefore , is more of an association between degree of development or maturity and qual ity , than
density~~ and quality. The traditional methods of eliminating low
density/low quality seed from seed lots are, of course, aspiration and
gravity table separations .
Associations between density~ se and quality can be demonstrated
in certain seed lots. Nearly always, the low density seed are badly
weathered, improperly dried, insect damaged, or otherwise deteriorated .
Seed lose dry weight during weathering and during storage at high moisture contents and warm temperatures as a result of their own metabolism
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(respiration) and the 11 feeding 11 of molds, and/or insects. Since dry
weight loss is not associated with a reduction in seed size, the density
decreases.
Variations in seed size and density within a variety are very much
a product of the environment. The smallest and largest size seed and
those of lowest density are usually inferior in quality. Modern conditioning technology, properly applied, can eliminate these inferior seed
from lots usually without excessive losses.
Effects During Development/Maturation
Environmental conditions during the late ripening and post-maturation period probably have the greatest influence on the quality of seed
within a variety, i.e., exclusive of inheritance.
An early freeze sends shivers through everyone, but hybrid corn
seed producers are shaken up most. Overnight freezing temperatures when
corn seed is still high in moisture is a matter of most serious concern.
The damage to germinability and vigor can be devastating. Such an early
freezing 11 event., brings out the jackets and a host of production and
quality control fellows to mull over the degree of damage, and the
portion of the acreage affected.
Cool nights in September shake up cotton seed producers nearly as
bad as the early freeze shakes up corn seed producers. Cooler than
normal September nights mean poorly filled, immature cotton seed in the
seed house .
A couple of days of rainy weather during the warm days and nights
in September or even early October in Mississippi, for example, meansin more cases than not - that the seed soybeans of the varieties in the
final stages of dry-down (below 20%) during the rainy period will not
have an acceptable germination. A similar period in August when sorghum
seed are drying down will result in extensive .,germination in the head 11
in some varieties or deteriorated seed in others.
Environmental conditions during seed maturation, especially as
moisture content drops down to below 25-30%, has a great influence on
the expression of seed dormancy, an inherited trait that is very much
influenced by environmental conditions. Researchers have reported that
alfalfa seed which develop and mature under 11 C001 11 temperatures are
heavier and have a higher hard seed (dormancy) percentage than seed
produced under warmer temperatures. In 1980, the time of the great and
prolonged heat and drought in the South, seed of some varieties of
soybeans had hard seed percentages as high as 35-40%, whereas, in normal
times more than 2-3% hard seed was viewed as rather extraordinary.
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While the expression of seed dormancy is influenced by cli matic
condi t i ons, the effects of cl imatic conditions, i.e ., weatheri ng, are
moderated by dormancy. Peanut varieties selected for naturally well watered areas such as the Southeast have more dormancy than those selected for dryer, arid regions . The higher degree of dormancy i nhibits
sprouting in the soi l during rainy periods that delay harvest. The
importance of seed dormancy i n preventing preharvest germination was
deeply impressed on me during a visit to a country in West Africa a few
years ago. Peanuts were beginning to be produced in an arid area under
irrigation- there wasn•t much experi ence. Some defoliation and wi l ting
that about the expected time of harvest must have turned on a "l ight ..
for one of the managers, and he decided to gi ve the crop one last, good
shot of water. At the time of my visit, a thick stand of peanut seedlings had emerged. The crop was ruined because of preharvest sprouti ng.
Some varieties of sorghum have a higher degree of dormancy and
tolerate consi derable rain without sprouting in the head. I know of at
least one case where a variety of rice was released - not in the U.S. which had so l ittl e dormancy that it regu l arly sprouted in the head.
The variety had to be "rebred" to introduce more dormancy in its inheritance.
"Miscellaneous " Effects
The environment has some rather unexpected effects on seed quality.
Research reports indicate that wheat seed produced under heavy nitrogen
fertilization have a higher protein content and are more vigorous than
seed produced under normal nitrogen fertility level s. Calcium defi ciencies cause '•concealed" damage of peanut seed and several types of
seedl ing abnormal i ties. Many years ago it was observed that some kinds
of pea seed produced abnormal seed lings in sand tests but not in soil
tests. Investigation revealed that the affected pea seed were produced
in a boron deficient area. The seedling abnormalities in the sand tests
were caused by the absence of boron in the sand, while the good seedl i ng
performance in soil was attributed to good boron status of the soi l . A
pinch of borax in the water used to wet the sand corrected the problem.
Soybean seed produced in so il with good mo lybdenum status are not any
better in quality than those produced on margina l - for moly - soi l, but
they produce higher yields when planted in low pH, moly deficient areas.
The seed carry moly internally that is often applied externally to
improve production on soils of the type mentioned.
Summary
Someone once sai d, "you can•t get away from the environment , its
all around you." In a non-waggish sense this is true. The environment
i s al l around us and our productive activities. There is no escape.
One can, of course, move from an environment ill- suited to his purposes
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to one he perceives to be more favorable. But that is not possible in
many cases. Very largely, we have to adjust our activities to the
environment in which we live and work .
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CORN SEED MINI-COURSE
Production
- Conditioning
- Quality Assurance
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PRODUCTION OF HIGH QUALITY SEED CORN
Wesley Wi l cox Jj
When I was asked to participate in this "mini course" on corn seed,
the suggestions on what to cover were broad. It was suggested that I
concentrate on bringing you up-to-date on seed producti on problems,
harvesting and general quality assurance procedures needed to insure
hybridization and prevent outcrosses - also, where are we in terms of
detasseling and use of mal e sterility. These constitute a pretty broad
subject area, any part of which could be taken and expanded into a
meaningful short course itself.
Today there are some 84 million acres of corn planted in the U.S.
using hybrid seed. Between 3.6 to 4 acres are planted per 50 lb. unit
of seed, so some 23 milli on 50 pound units are needed to plant these
acres. At about $45 . 00 per unit retail, the corn seed industry grosses
about $1 bi lli on per year.
To produce 23 milli on units of corn seed each year, some 500,000
acres of seed production are needed if we assume an average seed yield
per acre of about 45 bushel s. The production of high quality seed on
these acres is our subject. As I proceed, there are two bas i c aspects
to keep in mind : aspects wh ich we as seedsmen are all aware of but must
work hard to fulfill. They are: (1) maximization of the quantity of
high quality seed put into the bag; and (2) minimization of costs.
Foundation Seed
The intergrity of the foundation seed supplies used is one of the
first places we can encounter the possibility of producing les s than
optimum quality commercial seed. Because of this a great deal of time,
effort and expertise goes into the production of parent stock and the
maintenance of the basic inbreds so important to the individuality of
each hybrid seed corn company.
A base population of each inbred parent used in experimental and
commercial hybrid production is vital . Different companies approach
this important job in different ways . But , generally this seed is made

11 Mr. Wilcox is Manager, Quality Control, Funk Seeds International,
Bloomington, IL..
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up of bulked seed from selected ears from several thousand selfed plants
in a large population. In other instances each self can be test crossed
to the appropriate tester and then only the select selfed ears contributing to a desirable test cross are bulked . Each inbred is an individual in terms of what it contributes to a hybrid combination; thus, it
demands special handling. The base populations are carefully increased
to desired quantities, then used for foundation production of parent
stock.
The production procedures used are the same as the ones I will be
covering later for commercial production, with possibly two differences:
(1) field sizes for the most part are smaller (1 acre plus); and because
of this (2) isolation of the fields from contaminating corn i s carefully
planned to provide as much distance as is r equired to insure mini mum
blow-in contamination from outside the field (See Table 1).
After production an accurate estimate of genetic purity of new crop
parent stock is required. Presently, a growout during the winter and/or
spring growing season is the primary procedure used .
Planning
The use of a good crystal ball would be very helpful during the
time of planning for the production of the commerical seed crop . Pl ans
should be made for an adequate inventory of high quality seed to sel l
for planting more than 12 months l ater. This amounts to a seed inventory in the neighborhood of 125-150% of need. The acreage eventually
planted will be based on the more or l ess successful melding together of
inputs from marketing on projected sales needs, from Inventory Control
and Quality Control in projected carryover, from Seed Production Research on parent characteristi cs, and also previous experiences on seed
yields, etc. The hybrid seed corn industry today is based primarily on
the successful production and sale of single cross or modified sing l e
cross hybrids. There are, of course, some three way and double crosses
produced, but for the most part, commercial production of single crosses
is the main thrust.
Once inventory needs are determined, grower selection begins. This
is an important job but not the most difficult task confronting production management. Contracts for seed production are premium items to
many farmers. From those seeking a production contract, the best growers with top notch land are selected. In this way, we are abl e to work
with the best growers as well as produce the seed on soil types with
high productivity indices that have been maintained in a high state of
fertility. The growers are also ones who have good knowledge of, and
practice the up-to-date agronomics needed to produce maxi mum seed
yields.
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Tabl e 1.

Typical isolation requi rements for hybrid corn seed production.
Yellow
Dent

Isolation From
White
Dent

Sweet
Corn

Type of
Production

Yards

Meters

Yards

Meters

Yards

Meters

Yellow Dent

220

201

440

402

880

804

White Dent

440

402

220

402

880

804

~~axy

440

402

440

402

880

804

Opaque

440

402

440

402

880

804
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Each production year is a new experience. Management wants all the
information available. Data are accumulated and made available on each
experimental and commercial hybrid parent in parent observation plots
located in production areas for such things as:
(1)

Days to silking.

(2)

Days to pollen shed.

(3)

Duration of pollen shed and quantity of pollen shed by parents
used as pollinators.

(4) Yield data on new parents.
(5) Ear samples for examination and conditioning data .
Another aspect of seed field inspection is to know the intended
cropping of the fields neighboring your seed field. Proper isolation
from outside sources of contamination is an absolute necessity to insure
a high degree of genetic purity.
It is pretty generally agreed that one of the best ways for insuring good isolation is a perfect nick (seed parent silks emerging when
about 10% of the pollinator is starting to shed pollen). Established
minimum isolation standards are then followed. These standards and how
they are determined for a specific circumstance differ among companies.
For the most part variations on the following options are used: (1)
distance between seed parent silks and contaminating pollen - 40 rods
are a base distance obtained by using soybeans, sterile corn interplanted with pollinator, or meadow; (2) pollen parent barrier rows, to
supply a screen of male pollen; and (3) differential flowering dates - a
system useful in case space is at a premium as in winter programs. Size
of field and pollen shedding capabilities of the pollinator are also
important factors in arriving at a decision. We have found the more
attention given to the capabilities of the pollinator the better off we
are.
Planting
Three additional considerations remain before planting which have a
considerable impact on yield and quality of the crops: (1) plant population; (2) planting pattern; and (3) planting time.
Many different planting patterns are used in the seed fields of
today: 2:6 at one time was considered to the the standard. As the
genotypes of hybrids changed, so did planting patterns for the purposes
of getting pollinators closer to all seed rows, and/or more seed rows
per acre in order to realize better fill on seed ears and maximizing
seed yields (see Table 2). Such patterns as 2:6, still in use, 1:4,
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Table 2.

Example of information that needs to be obtained for each
pollinator (male) parent.
Height
2nd
PlantinJ
(inches
May 22

% of Plant
Flowering

Quantity
Poll en*

Height
1st
PlantinJ
( inches
May 10

Inbred 1

92

4

71

51

Interplanted

Inbred 2

84

4

73

53

1:4 30 11

Inbred 1

94

3

77

54

Inbred 2

98

1

84

62

Inbred 1

100

3

76

Inbred 2

100

2

Planting Pattern/
Row Spacing

Seed
Parent

1:4 38 11

2:6 30 11

* 1 is good, 9 is poor

68
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1:2:1:4, 1:4 i nterplant, or 1:4 double plant, etc . , are now common
sights. 2:6, 1:4, 1:2:1:4 are not too difficult, but when you interplant your pollinator in most cases splitting every 4th and 5th seed
row, you are setting up a different environment of high plant populations for the pollinator. However, after the pollinator has been cut out
fol l owing pollination to avoid seed mi xture, there is the advantage of
full land utilization for seed production. Under the right conditions
this is "great". But the stress of high plant populati ons coupled with
hot and drier weather can cause the pollinator to malfunction to the
poi nt of not developing to pollen shed. Double planting a mal e in a 1:4
pattern i s also great if yo u can lay the 2nd pl anting in a couple of
inches away from the 1st pl anting without disturbing it too badly. What
you gain is a longer peri od of pol l en shed. But, a di sadvantage is
the lack of uniformity in case rogueing is necessary - so a good clean
production fiel d is a necessity.
In order to split date the mal e and female rows to get a good ni ck,
one must carefully study flowering dates, heat unit data and interrelated morphol ogical characteristics of parents involved. For example:
PARTIAL GUIDE FOR SPLIT DATE PLANTING
Days

Growth

Heat Units

3

l:i" Sprout

48

6

Emergence

96

10

1.5 leaves

160

14

2. 2 leaves

224

The morphol ogical characteristics are of the first or second
planted parent. There are several different split date situations.
They are in order of increasing difficulty: (1) female first with a
narrow split, (2) male first with a narrow spli t, (3) fema l e first with
a wide split; and, the worse situation, (4) male first with a wide
spl it - here the season gets away from you rather qui ckly.
Mother Nature is an important contributor to the successful completion of a split date . In case you have found yourself in the past
frustrated because of weather and the planting season running out, other
methods for making minor (3-4-5 day) adjustments in flowering can be
used: (1) variable starter fertilizer rates; (2) variable planting
depths between parents; (3) seed coating; (4) clipping and flaming .
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Once the seed field is planted and up to stand, it must be carefully watched in order to be ready to react to any problems that might
present themselves, insects, weeds, etc. Off-type plants are removed
from parents in a timely manner. Here special attention is paid to the
pollinator. All off types without fail are to be removed before pollen
shed. If you are rushed and cannot get over all the seed parent before
detasseling you have another chance at it when you ear harvest and ear
sort.
Po 11 en Contra 1
Various methods of maintaining adequate pollen control to meet
standards imposed by Quality Control, seed laws and seed certification
agencies have been used or at least investigated. They fall basically
into two broad categories: (1) detasseling; and (2) male sterility.
First, detasseling either mannually or in combination with some
mecha nical device is the most common practice used today. We had a
glimpse of "Utopia" when we could cause male sterility in seed parents
by using "T" Cytoplasm male steriles and cross in restorers from the
mal e - pretty cozy! - until Southern corn l eaf blight (Helminthosporium
maydi s) mutated and messed up the good deal. ~~e quickly returned to the
job of physically removing the tassels and searching for ways to get
them off more quickly and at a lesser cost. It is estimated that detasseling contributes 10-15% to the costs of production. Thousands of
people are used each season to get this job done either on foot or on
personnel carriers, at an estimated cost of $17-20 million per year.
Mechanical detasselers became more and more important to the seed
producer as production costs continued to climb. They are varied in
design and are used in varied sequences and amounts through the season.
There are the "cutters" and "pullers", both mounted on high clearance
machines equipped to operate in the worst possible conditions. "Cutters", as implied, are rotating blades that cut or shred the top of the
plant. "Pullers" are rotating wheels or rollers that will grab the
tassel or top of the plant and pull it out in a manner similar to hand
detasseling. The advantages and disadvantages of either depend upon to
whom you are talking. The secret to the successful use of either type
of machine is a skillful, well-trained operator. If mechanical detasselers are an integrated part of your program and not just for emergency use, chances are the instructions to the operator are to wait as
long as possible for maximum tassel extrusion and before silk emergence
before starting. In a uniform field it is possible to get a 70% plus
"pull" the first time through with a minimum amount of leaf damage (two
or two and one-half leaves or less lost.) As a rule of thumb, mechanical detasselers are used a couple of times in a field and then it is
cleaned up by hand. Using this system we find we can save some 40% on
the detasseling contract rate per acre over it all being done by hand.
This, of course, depends upon location, field uniformity, plants per
acre of the seed parent, and wage rates for agricultural labor.
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Much as been written about the effect of l eaf removal incidental to
detasseling. Yield reductions we have l earned to live with are in the
10-20% range and in some cases more. The variables are: (1) number of
l eaves removed; (2) genotype - morphology of the plants; and (3) weather
conditions .
I have mentioned male steri lity as a method of pol l en control.
There are presently three types either in use or at least being investigated. They are (1) cytoplasmic; (2) genetic; and (3) chemical. Cytoplasmic male sterility has been referred to in relation to Southern corn
leaf blight. It is still the most effective method of pollen control.
Three primary sources are available to the producer: (1) Texas source ;
(2) "S" source; and (3) the "C" source . So far, the "S" and "C sources
have not shown adverse side effects (i.e., susceptibi lity to Helminthosporium maydis Race T) as did the Texas source in the early 1970s.
If one or the other of these sources is being used in hybrid seed corn
production I would imagine they are used on only a small percentage of
the acreage and then thoroughly mixed or blended with seed from detassel ed or male fertile sections of the same field, say on a 1:1 or
some other predetermi ned ratio. Over the years it has been found that
this procedure will reduce detasseling costs by 30-40% and increase
total seed yields at least 5-19% per acre depending on the genotype, the
blended ratio and how good the steri l e is. If the steril e should break
and require immediate attention the cost will go up some $20/acre .
11

In corn a large number of recessive genes have been identfi ed that
in a homozygous state will cause mal e sterility. A system has been
worked out by Dr . Earl Patterson at the University of Illinois for use
of these recessive genes. All I can say about it is that it is complex
and expensive to establi sh and mainta in. And, also , a U.S. patent has
been awarded Dr Patterson for any eventual use of the system.
Chemical mal e sterility or the development of an effective ma le
gametocide would be a tremendous break-through for us. If this should
ever happen, we would no longer need to introduce into our seed parent
germplasm those traits for cytoplasmic of genetic male sterility .
Simply by applying the right dosage of the right chemical at the right
time on all seed parent plants in the seed field, we would inhibit some
stage of pol len development, say meiosis, hopefully 100%. So far I
don•t believe al l of these conditions have been worked out at least for
commercial application , but they are vi gorously being worked on !
I have talked to some extent on the importance of maintaining the
genetic integrity of the hybri ds we produce and merchandise . Advantages
of one hybrid over another are measured in small increments. To lose
that advantage because of some problem in the seed field is a costly
error. No one wants this to happen, so in order that we all understand
the limits beyond which we cannot go , Quality Control with the support
of Management establishes standards and procedures for monitoring and
helping maintain genetic purity of al l hybrids produced. At this point
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it is necessary to deal in the seed laws, which are rather specific in
their description of what is a hybrid. All production personnel are
familiar with the established standards and it i s their responsibility
to see that they are met or exceeded. In order to help them do this in
the seed fields, Quality Control assigns a Seed Field Inspector to a
certain number of acres to observe, report and assist in getting the job
done on time. The inspector checks and reports only on those facets of
the production that have an influence upon successfully producing genetically pure seed. Seed certifying agencies as well as each company
have standards to be met. For example, during the season if reports
should come in showing at least 5% of the seed parent plants silked and
1% of them shedding pollen on any one inspection or a total of 2% for
three inspections, the field or a portion of the field would be suspect
because the standards had been violated. But, here again, the matter of
how well the pollinator is doing its job is an important consideration.
Estimating genetic purity in some manner is an alternate to, or in
many cases an addition to, the work of the Seed Field Inspector. There
are several ways · this can be done: (1) growouts; (2) electrophoresis;
and (3) the green house sand bench. I believe by far the most widely
used procedure to date is the growout. He re, an adequate sample of the
lot in question is randomly collected. They are then broken into saleable kernel sizes using hand screens or laboratory sizing equipment
and sent to winter locations, either Florida or Hawaii, along with
appropriate checks for comparison to be planted on clean ground for
observation at flowering time and/or when the ears are far enough along
to see cob color and kernel characteristics. Adequate populations are
planted in order to get as accurate an estimate of purity as is possible. Those lots being checked for reasons of a violation of standards
are identity preserved or are placed on 11 hold 11 until their fate is
determined. Strict standards are maintained.
Electrophoresis is being investigated as a possible alternate
procedure to the growout, or at least to work in conjunction with it.
It is an accurate biochemical test based on zein heterogeneity. Presently , we find it to be expensive considering the number of tests needed
for an accurate estimate of each seed lot and kernel size.
Some companies plant samples in sand benches and identify those
seed lings that differ from the check hybrid or, conversely, identify the
suspected off type or types.
Harvest
When planning production for one production area, we are careful
not to plant lines that will all mature at the same time. Scheduling
the harvest of mature high quality seed through the dryers so that as
little seed as possible stay in the field longer than necessary is
important. We constantly monitor the seed fields to see when they are
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ready to be brought in. Generally ear harvest can start when the seed
is physiologically mature. In seed corn this can pretty well be determined when the water line or maturity line is down or out of sight on
the back of the kernels or when the "black layer" is formed on the top
of the kernel. It is generally assumed the moisture will be in the
neighborhood of 35%. If the seed is to be field shelled then moisture
levels should be below 20% to minimize damage. I would stress that
these are general comments, because for certain seed parents we want
more specific data on harvest moistures in order to maximize high quality through the drier and conditioning equipment.
Seed are usually harvested in the ear and as soon as it is mature
in order to: (1) reduce the risk of freeze injury; (2) avoid field
losses by the pickers; (3) reduce losses from insect damage - ear worms
in particular in some areas; and (4) reduce losses due to ear rots and
other diseases. The grower is responsible for harvesting the seed
unless other special arrangements have been made. For the mos t part,
harvesting equipment used is of a type that will inflict the least
amount of mechanical damage - "New Idea" uniharvesters are very common .
Seed ears are delivered to field sorters equipped with husking beds or
to in-house sorting systems. Excess husks are removed, diseased and off
type ears are also removed as the seed moves on toward the drier.
When field shelling of the seed crop is necessary for whatever
reason (emergency, to reduce field shelli ng loss, to hurry the season
along, or shortage of ear dryer space, or no ear dryers at all), there
are certain conditions that must be considered in order to maintain the
genetic integrity of the seed, the most important being the field must
be free of off types because there is no opportunity for ear sorting.
Summary
Quality control including the establishment of standards, timely
and thorough inspections, knowledge of the materials under production,
and constant vigilance is the key to production of high quality corn
seed - or seed of any kind.
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CONDITIONING HYBRID SEED CORN
Raymond Philpott

11

First, let us always keep in mind that we are working with a living
product and our goal is to condition the seed, keep it pure, viable and
vigorous, and to improve it as we can.
Most of the hybrid seed corn is harvested and delivered to the seed
plant facility on the ear. Depending on the year and harvest conditions,
the ears are harvested at 35% moisture or below and received at the
plant with all of the refuse that is not removed by the picker.
Always look at the equipment to be used in conditioning with the
following design criteria in mind:
a.

Damage - will the equipment cause damage to the seed?

b.

Contamination - are there any areas i n the equipment that could
hold or trap seed to contaminate other varieties?

c.

Application - does the equipment fit the application with
regard to capacity, use, space and the job to be performed?

d.

Maintenance - is the equipment going to require a lot of
maintenance or very little?

With these criteria in mind, let us then follow the corn seed on
its journey through the different operations at the seed plant.
Receiving
The seed is received i n bul k, on the ear, and dumped onto a receiving conveyor and is elevated by incline conveyor to the husking
facility . The best conveyor for receiving is a vibratory conveyor, as
it meets all the design criteria, and does not slip or stop under load
or wet conditions. A belt conveyor can also be used, particularly if
the horizontal section and the i nclined conveyor to husking is all one
unit.

11 Mr. Philpott is Vice President, Corn States Hybrid Service, Inc .
Des Moines, IA.
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The belt conveyors should be designed to use at least a m1n1mum
number of rollers under the belts to cut down on the amount of friction
which in turn requires less horsepower to pull the load. These are
called 11 Trough-Roller conveyors" versus the 11 Sl ide-Bed conveyors . .. (See
Figure 1.)
When a belt conveyor is used in a incline configuration the following guidelines should be followed:
0 to 10° of inclination - Standard belt
10 to 15° of inclination - Rough top belt
15 to 30° of inclination -Cleated belt

It is not recommended to have a conveyor at a greater incline than
30° as the capacity is cut appreciably due to roll back.
Incline conveyors, as well as horizontal conveyors, should always
be belts rather than chain to fit our design criteria.
We should also note, at this point, that one of the best belts to
use is PVC (Polyvinyl-chloride). This material is acid, oil, mildew and
moisture resistant, has minimal stretch, and summer-winter temperature
extremes do not affect it as much as other material s. Also, at present,
it is less expensive than rubber belts.
Cl eated belts should have a minimum of 1 1/2 11 high cl eats (maximum
of 3 high) and should be on 12 to 18 11 centers . A return caged or star
idler should be used instead of a slide pan to cut down on friction,
wear and horsepower.
11

Husking and Sorting
After the incline conveyor delivers the seed into the husking
building it should be thoroughly and completely husked. Ears that are
not husked cause additional drying costs, do not dry uniformly, and do
not handle or shell as easily .
There are many methods of distributing the ears to the husking
machines. These methods should be researched and developed for your own
particular plant requirements. But, is it important to select a system
that distributes the ears uniformly and evenly onto the husking beds for
the most effective and efficient husking job .
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Cross section views of two types of belt conveyors.
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After husking, the ears are distributed onto a sorting belt to be
hand sorted. It is very important at this point to return all unhusked
ears to the husking units t o remove all the husks. This can be accompli shed by the f irst one or two sorti ng people removing the unhusked
ears and putting them on a re- run conveyor which returns the ears to the
husker.
The sorting people should be thoroughly instructed on the material
to be sorted so that the purest product possible i s deli vered to the
dryer. The sorting belt should be variable speed so that very clean
varieties can be speeded up and dirtier varieties can be slowed down to
enabl e better visual inspection.
A system should also be designed and provided to handle the refuse
from t he sorting area, which fits your needs and requirements. Most of
the facilities now are set up to chop all the husks, cull ears and
shel l ed corn for sale to a l ocal feeder.
The sorted and husked ears are then conveyed to the dryer by a belt
conveying system designed as mentioned before.
Drying
Drying is one of the most important and most abused operations in
a seed plant. There are many pl ants we have seen that damage more seed
here than any other place. Most of the damage comes from either overdrying or under-drying the seed . This is caused by many things-inadequate air, heat too high, not distributing the shelled corn evenly,
inadequate or no husk removal, and not monitoring the bins closely
enough,
The drying building should be t i ght with as few leaks as physical ly
possibl e: door and tunnel sizes should be designed for proper air f l ow;
doors should be gasketed; there shou ld be a min imum of 25% open area i n
the drying f l oor; adequate air is required at least 20 C.F.M. per bushel
(7 C.F.M . per cubic foot) at a mini um of 2 1/2 11 W.C . stati c pressure
(most dryers operate at 311 to 411 W.C. static pressure with single crosses) .
In purchasing a new dryer facility, be careful to analyze it completely. A formula we use for capacity is as follows:
Bin width x Bin length x Depth of ear corn
Average through season of 2. 8 cu . ft. per bushel
Example:

= Bu.

per bin

18 ft. x 20 ft . bi n with an average corn depth of 10 ft .
through the season.
18 x 20 x 10 = 1282 bu. per bin approximately
2.8
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The number of bushels/bin times (x) the number of bins times (x)
20 C.F.M./bu. times (x) an 80%use factor will give you the air required
at a minimum of 2 1/2 W.C. static pressure.
Example:

10 bin dryer of 18 ft. x 20 ft. bins.
10 bins x 80% service factor = 8 bins.
8 bins x 1282 bu .

= 10,256

10,256 bu. x 20 C.F.M./bu/
minimum.

bu. to be worked on.

= 205,120

C. F.M. at 2 1/2 11 S.P.

The burner-blower units should have a modulating temperature control
that gives continuous heat as required. Do no use a thermostatatic ONOFF control as it can cause stress damage to the seed by subjecting it
to higher and lower temperatures . The burner-blower units should also
have adequate safety controls to conform to your local codes and to
insurance requirements. The minimum would be flame supervision, high
temperature limit, air flow switch, and a fire alarm system .
There have been new developments on dryer temperature monitoring.
Monitoring units now use thermocouples mounted in the top and bottom of
each bin, at the blower discharge and an ambient point. These units
come either in manual recording or print-out recording and the costs
vary widely depending on your needs and requirements.
By recording the temperature of each bin, both top and bottom of
bin, you can see what is happening in each and every drying bin. By
generating a yearly history on each variety you can determine on the
basis of temperature approximately when the bin is at a low enough
moisture to shell. However, a sample should be taken to cross-check the
readings. This will prevent, if properly handled and recorded, overdrying of seed which causes additional drying costs, additional sheller
damage and weight loss. Temperature monitoring units are especially
useful at night and on week-ends when your most experienced personnel
are not at the plant.
By keeping records hourly you will find that invaluable data is
generated which will help you to improve quality, lower drying costs,
lower dryer related damage and vastly improve your dryer management .
There are several competent seed dryer designers and builders that
can assist you in your drying design. As this is a very high investment
item, great care should be taken in the design and selection of the
building and burner-blower units.
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Shelling and Bulk Storage
There are three main causes for sheller damage:
a.

Sheller speed too high.

b. Sheller not being kept full.
c.

Seed is too dry and brittle.

Therefore, it is very important in any shelling operations to watch the
following very closely:
a.

Keep the sheller 100% full at all times .

b.

Keep the shelling cylinder speed at a minimum for capacity
needed or a maximum of 400 R.P .M . on a Triumph Sheller.

c.

Have a good aspiration section.

d.

Have a good cob removal system.

If the seed has not been over-dr.ied and the above aspects have been
observed, you can expect to have the lowest possible damage.
Prior to putting the seed into bulk storage, they should be prescalped to remove the large cob particles, light chaff and as many of
the cracks and f1nes as possible. This is important because it can
prevent storage damage from spoilage and heating as well as maximize use
of storage space .
Again, the conveying system and storage bins should not cause
damage, or contribute to contamination. Bulk storage units should have
aeration for the best and safest storage. NEVER USE A SCREW CONVEYOR OR
AUGER.
Cleaning and Sizing
There are seven steps in cleaning and sizing corn seed:
1.

Cleaning

2.

Width separation

3.

Thickness separation

4.

Length separation
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5.

Aspiration and gravity separations

6.

Treating

7.

Bagging

Again, we should keep in minds the design criteria of damage, contamination, application and maintenance.
Cleaning
A good air screen cleaner or scalperator should be selected depending on the type of job required.
Width Separation
The seed should be separated for width rather than thickness first
as the width sizer (round hole) doesn•t 11 care 11 if 80% of the seed is
flat or round. With today•s single cross production it is hard to say
which you might get.
The screen sizes should be selected for the number of sizes being
marketed and can vary depending on the size of the inbred seed and
plantability.
Thickness Separation
Again, the screen size could vary depending on the inbred line and
p1antabil i ty.
Length Separation
It is important to length size most kernel sizes. In most sizes,
de pending on the variety and kernel type, a double length cut is recommended. Proper indent selection, before holding on each size or
after holding one size at a time.
Aspiration and Gravity Separation
It is most important that each size be finished on a gravity separator for the best possible quality seed. For higher capacity the
addition of an aspirator can triple capacity. This is accomplished by
using the aspirator as a splitter. Run all the seed through the aspirator lifting, by air, approximately 20 to 25% of all the seed. This 20
to 25% is then run to the gravity for the finishing. The good seed from
the aspirator and gravity are joined together to go to the treater .
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Treating
A treater should be selected that will give you a complete and
uniform treatment coverage. It also is important to select one that
will not mechanically damage your seed .
Bagging and Warehouse
The bagging operation should be designed to fit all your needs with
regard to capacity of the plant, as well as sales needs. Bagging is by
weight; however, there are many companies marketing seed by kernel count
as well .
Warehousing should be designed to give adequate space for palletizing the seed, for order make up and shipping, as well as storage.
If you are carrying seed over from year to year, consideration
should also be given to a temperature and humidity controlled storage
area for this seed.
Accessory Equipment
Other equipment needed in the sizing or conditioning operation
include:
Conveyors - never use a screw conveyor or auger on good seed. We
prefer the vibratory conveyor because it meets our design criteria;
however, if the unit is mounted overhead, a belt conveyor will be
less expensive and work as well.
Elevators - always select an elevator that is slow moving and a
non-centrifugal discharge type for good seed quality handling.
These elevators should also be equipped with plastic or polyethylene buckets, have at least 3/16" spacers between buckets and belt,
and have either a bottom boot slide cleanout with 4" to 6 legs to
elevate boot off the floor, or an automatic boot cleanout .
11

Spouting - all spouting should be smooth, without ledges, grooves,
etc. to hold or contaminate seed. They should be at 450 angle
for self-cleaning and on long spouts should have a drop box to
slow seed down without damaging (box must also be self-cleaning).
Discard System - screw conveyors are okay to use in this application;
however, the system should be designed with the design criteria in
mind, and we have found that a pneumatic system works very effectively.
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Air and Filter Systems - be sure to check your particular state
and local regulations regarding air emissions. This will determine
if you can use a cyclone or must go to a filter system. If a dust
collecting system is used this should be filtered, particularly in
the northern areas, because of heating. If not filtered and retur~ed to plant, all the heat is lost .
Make sure that all E.P.A . and O.S.H . A. regulations and requirements
are met as well as all the National, State, and local codes. You should
also check with your insurance companies regarding cost of insurance on
different structures .
Summary
We must always keep in mind that we are working with a living
product. Our goal is to keep it viable, vigorous and pure. Marketing
of the highest quality and purest seed builds your company's reputation
and sales.
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QUALITY ASSURANCE - DRYING THROUGH MARKETING
EMPHASIS: HYBRID CORN SEED
John Launer

11

An effective quality control program for the production, ·harvesting
and conditioning of seed corn should be designed to coordinate the
efforts of all employees toward the production of a top quality product.
During this discussion, time will not permit me to discuss in detail
every step or operation involved; however, I hope that the highlights,
which I will discuss and which have been discussed during this conference will stimulate further thinking and discussion on the continued
improvement of our quality control or quality assurance programs.
A good definition of quality control is to provide or assure that
only seed of known and acceptable quality are marketed. Aside from the
separate quality control programs employed during planting and pollination, the specific purposes of this program should entail the following points:
1.

To check each operation from harvest to finished seed in the
warehouse for errors or irregularities that might affect the
quality of the finished product.

2.

To record data on each operation to use as a reference for
greater efficiency and for the production of a higher quality
product.

3.

To check each finished size of each variety and lot for kernel uniformity, germination, seed finish, kernels per pound or
per unit, plantability and proper labeling.

4.

To establish standards for each operation, and to alter these
standards only when weather conditions greatly affect the
finish and quality of the seed .

Obviously the person responsible for quality control at the seed
plant should have a thorough knowledge of the production methods, conditioning systems and, if possible, the genotypic differences or characteristics of the varieties produced.

11 Mr. Launer is Director, Quality Control, DeKalb AgResearch,
Inc . , DeKalb, IL.
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Factors Affecting Seed Quality
Three factors which affect seed quality are the environmental,
biological and human factors. For the most part, the environmental
factors affecting quality are ones that are controlled by nature.
Careful planning and timely planting can help to avoid the stress of
heat during pollination, the loss in seed quality due to freezing conditions, and damage to seed from improper handling of high moisture corn
at harvest time.
Rigorous monitoring and timely applications of an appropriate
pesticide can control or deter the biological factors which have an
effect on quality.
The third factor is human. ~le have the ability, as I pointed out,
in terms of the partial control of the environmental and biological
effects on quality, of being able through sound and timely management to
avoid or minimize the environmental and biological factors. We also
have the ability to take the seed, which nature has given to us, and by
proper handling and conditioning to improve or upgrade the quality of
that seed. Unfortunately, we also have the ability to err, which may
lead to the down grading or decline of the quality of this seed.
A continuing challenge in quality control is communication. Effective communication between production personnel and quality control
personnel at all levels is a must - it is a two-way street.
In an effective quality control program an error is not an error if
detected in time or reported and a record made. At that point, sound
management decisions based on documentation can then be made to take
corrective action.
Post-Harvest Quality Assurance
Diligent observation of the harvested corn seed ears by trained
personnel is a must for the removal of off type ears and those ears
which are mechanically damaged or diseased. Typical examples of off
type ears and male ears should be on display as a visual guide for the
people doing the ear sorting. These examples should be changed and
updated for each new variety being harvested.
Ear Sorting
Careful and timely inspections made during the green and dry sort
operations and during the drying and shelling operations provide an
indication of the quality that can be expected in the finished product
and also an indication of the amount of seed that can be expected at the
completion of conditioning. These inspections also provides information
for improving any operation that might be responsible for affecting the
quality of the finished product.
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Previous speakers have discussed mechanical separations. Obviously, the green and dry ear sort is a 11 mechanical 11 separation, which
has a great bearing on seed quality. The cost of conditioning is generally directly affected by the organization and efficiency of the work
done in these operations.
In part, what I have said up this time is that high quality seed is
produced in an environment conducive to good pollination, free from
weeds and insects, and is harvested in a timely and careful manner.
It goes without saying that all of the good traits established
through harvest and ear sorting require considerable time and money.
The quality control practices after ear sorting also have a great
effect on determining if the production remains quality seed or becomes
11
grain. 11
In addition to the concerns during production, harvesting and
drying of seed corn, quality control is also vitally interested in bulk
seed storage, conditioning, bag storage and the various tests and records involved in the monitoring of these steps to assure the farmer that
he is receiving the highest quality seed possible and, obviously, to
avoid or prevent complaints on the seed.
Shelling and Bulk Storage
As seed are moved into bulk storage whether it be in flat or bin
storage, composite samples should be obtained from each sheller or dryer
bin for each variety and lot. These samples should be taken on a periodic basis during 4 to 6 hours of operation. Samples should be taken
more often if there is any indication that the quality of the seed is
declining.
The composite samples are obtained from the sheller, either by an
automatic sampler or by periodically drawing samples from the shelled
seed discharge and thoroughly mixed in a container. In the event samples cannot be obtained from the sheller, it is a must that the seed be
sampled prior to going into bulk storage. Composite samples should also
be taken as the bin is being filled.
If bin probing is required, the bin should be probed by using a
long probe and sampled in several locations in the bin center to obtain
a uniform sample, which would be more representative of the seed.
Obviously, if the bin is large the quantity of seed sampled represents a
relatively small percentage of the binned seed.
Seed stored directly from the sheller for finishing during the
winter months must be checked periodically for possible storage damage.
Two types of storage damage are most common. One results from rain or
snow leaking or blowing in bin roofs or bin walls. The second results
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from condensation of moi sture as the temperature of the seed i n the
center of the bins remains higher than the atmospheric temperature.
This damage i s most common during the late fall and winter in bins that
were filled with "warm" seed.
Dry, unfinished seed only spoil s in storage , or l oses seedling
vigor, when the atmospheric temperature is considerabl y below the t emperature of the seed in the center of the storage. When there is a
difference between the atmospheric temperature and the seed temperature
in the center of the bin, convecti on currents are set up which results
in migration of moisture from the central areas to the upper surface of
the bin . As thi s warm ri sing air comes in contact wi th the cold seed
near the top surface , moisture condenses and is absorbed by the top
layers. If the top layer is cool enough to reduce the temperature below
the dew point, liquid water is deposited on the surface of the kernels
and mold will eventually devel op (Figure 1).
Periodi c checks of storage temperatues and seed mois ture are necessary to monitor the seed and the information obtained i s used to manage
the bin aeration programs.
All seed bi ns should be thoroughly cleaned and free of any contaminants from previous seed storage. The bins should also be treated with
an insecticide prior to fill ing with new seed.
Seed being held for an extended peri od of time should be monitored
for insect activity and treated accordingly with an approved insecti cide
to avoid any seed damage and a buildup of insect activity. Good rodent
control is also an important quality control function.
Shell ed corn sampl es are examined carefully for diseased or di scolored kernels, exposed germs and for all mechani ca l damage such as
capped or tipped kernels. In the event that any of this damage exceeds
established tolerances , the sheller or precl eaning operation should be
examined to determine if the damage can be r educed. Quite often excessive kernel damage can be avoided by proper regulation of the flow of
seed ears to the shel l er and by adjusting the shelling speed to obtain
the maximum shelling effi ci ency with the least amount of damage.
It i s important that seed of li ke qual ity be "batched" or put
together into shell ed corn storage.
During the flow of the harvest operati on, seed having lower quality
or finish as determined first by visual observations and subsequentl y by
the quality control tests made for all operations , should be stored
separate from high quali ty , well f i nished seed . With careful and accurate analysis of the quality control checks on th i s seed , proper
management decisions can be made to utilize the seed in the most efficient and economical manner .
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Pattern of moisture migration in a seed bin loaded with
warm (80F) seed as outside temperature begins to cool.
Seed at top can be badly damaged by condensation. Proper
aeration can prevent moisture migration in a bin.
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Size Class Estimates and Plantability Checks

Estimates of size percentages are made by passing an accurately
weighed amount of seed through a series of hand test screens utilizing
the same dimensions as the screens actually used in conditioning (sizing) of the seed. The accuracy of estimates from hand length separations, as well as the potential lifting of light weight kernels, are
dependent on the inspector ' s ability and knowledge of the capabilities
of the sizing and cleaning systems that are to be used to condition the
seed.
The size estimate tests also provide opportunity for closer examination of the individual seed sizes and information for management on
the potential supply of finished seed that will be available for marketing. It can also be determined during this operation whether a
change in the sizing screen setup is necessary for the improvement of
quality and marketability of a particular seed size.
Using the hand sized seed, initial standard warm test and vigor
test germination levels are determined by seed size. The accumulation
of this data from the many samples taken of the the shelled seed will
provide a firm base on germination strength, and will also prevent the
finishing of sizes which do not meet standards.
The simple diagram of a seed sizing system, shown in Figure 2, uses
an asterisk to designate the points at which samples should be taken for
quality checks on the operation and efficiency of the equipment.
Representative samples should be obtained after every step of the
conditioning process and evaluated for quality, size uniformity and
correct dimensions. Finally, samples are obtained for germination and
accuracy of plantability tests .
The tests made during the sizing operations should be on a regular
scheduled basis of every hour or hour and one half. If any change in
quality is noted, the frequency of sampling should also be changed. At
any point seed is found to be outside tolerance, it should be isolated
and rerun or standardized, or discared if not salvageable.
Pl antability tests using laboratory seed plate or plateless testing
equipment are conducted prior to and during the bagging of each size to
determine the proper plate recommendations.
Importance of Sampling
Up to this point I have made reference to sampling and composite
samples. Proper and adequate sampling of seed is important to be able
to evaluate the seed lot regardless of what phase the seed is in during
the conditioning period. The test results can only be as representative
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as the sample taken.
The comparison of results of individual vs. composite sampling in
Table 1 indicates that the range of germination and average germination
of a high quali ty, high germinating lot are very si milar and that the
single or composite sample results would be representative of the seed .
On the other hand, a singl e sampl e taken from the 50 bag lot of marginal
germi nation seed tested at the 97% level. By chance , the sample could
also have been taken from the bag which tested 84%. Both results would
misrepresent the seed lot. The composite sampl e results were al so
higher than the average of the ind ividual bags sampl ed and the range of
germination was not as wide.
The point I want to emphasize is that f lexibility and adequate
sampling of the seed lots are important to ensure that the results are
representative of the seed being sampled. Obviously, seed l ots whi ch
you know have displayed some degree of variabili ty should be sampled and
tested more extensively.
Thorough sampli ng of each size of each seed lot from each warehouse
is a must to evaluate the total seed inventory. When seed is being
bagged the incorporation of an automatic dribble composite sampl e taken
throughout the entire run will give a more accurate sample than relying
on a hand pul l ed sample periodically taken from the top of the bag.
This hand pulled sample may not be representative of the seed .
A sanitation program, as part of the overall quality control program of warehouse seed, i s essenti al to ensure the prevention of insect
and rodent damage and unnecessary seed loss. The use of a "dust pan and
broom" will go a long way to assist the scheduled spraying and baiting
program incorporated in warehouse sanitati on .
Additional Safeguards
DeKalb's Quality Control program incorporates a duplicate testing
program. All samples taken of our seed inventory are evaluated and
tested at the site l ocation. Dupl i cate samples are submitted to the
Quality Control Central Seed Laboratory where they are again tested and
evaluated . The "Rules for Testing Seeds" published by the Associati on
of Official Seed Analysts are used as guidelines for the germination
evaluations . The Central Laboratory has the capability for more specialized testing, such as the incorporation of speci fic vigor tests and
the opportunity to compare seed lots of the same variety from more than
one source or locati on , than the site l aboratories.
Seedsmen not having these types of facilities can utilize the seed
testing services offered by the many private and state seed laboratories
as a part of their qual ity control program.

109
Table 1.

Illustration of differences that can occur in results obtained
from individual and composite samples.
Single bag samples consisted of 1 sample drawn from
the lot with one test done on the sample.
Individual samples consisted of 50 samples from different bags with one test done on each packet taken
from the l ot.
Composite samples consist of combini ng all 50 packets ,
mixing well and conducting 4 tests on the composite
sample made from the lot.
Avg . Germination

Range

No . Tests

High Germ. Lot
Single bag sample

98

Individual bag sample

98.6

95-100

50

Composite sample

98.0

94-100

4

1

Marginal Germ Lot
Single bag sample

97

Individual bag sample

92.5

84-100

50

Composite sample

95.2

91-98

4

1
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Vigor Tests
Vigor tests are a vital part of any quality control program. The
results of these tests are to be used as a part of the Internal Quality
Control program and not as a part of the seed label. Proper evaluation
of test results can prevent lots from being marketed, which may have
been judged satisfactory under standard test conditions but have displayed poor or variable results in vigor tests.
There are several different types of tests which can be applied to
corn seed to interpret the "vigor" of the seed such as speed or rate of
germination, cold test, seedling growth rate, accelerated aging or
tetrazolium tests.
The cold test is used quite extensively in our quality control
program for testing all sizes of all seed lots at each location. This
test can be geared to volume testing and our field trials have shown a
farily close correlation in terms of slower emergence and lower stand
establishment when seed displaying a lower cold test are planted in a
cool, wet soil. Extended cold tests of 10, 12, or 14 days beyond the 7
day standard cold incubation period are utilized for special evaluation
of seed lots.
As with the standard warm test, close visual attention is paid to
the developing plant structures for any abnormalities or lack of vigor
of the plumule or the root system.
The rate of emergence and final stand establishment as compared to
the predicted laboratory standard warm and cold test germination levels
are illustrated in Figure 3. In all cases, the lower vigor lots, as
established by laboratory tests, produced erratic emergence and lower
final stands when subjected to less than favorable field conditions.
The utilization of the accelerated aging test in our laboratory is
to evaluate specific seed lots for which cold and warm tests may be at
variance or have provided inconclusive information. Normally, I have
observed that accelerated aging test results of corn seed parallel the
cold test results.
Tetrazolium testing is a time consuming test as far as seed preparation is concerned. However, it is quite beneficial as a further aid in
evaluating seed lots for any abnormalities which can not be identified
under the standard test conditions or for detecting freeze damage and to
further define a vigor level . Under normal operations we will have or
will allow the time for a complete standard warm and cold test evaluation of the seed prior to making a final decision.
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Emergence of two lots of corn seed in field tests. Planting date was April 22. Quality test results were as follows: Lot A - warm test, 94%; cold test, 87%: Lot B warm test, 92%; cold test, 62%.
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Fast Green Test
The use of the fast green stai n technique for evaluating mechani cal
damage in our quality control l aboratory program provi des the production
personnel information rega rding the amount of pericarp damage to seed
which may occur during each step that the seed i s handled or to isolate
the area where abnormal kernel damage may occur which might al so be
associated with an unexplainable loss i n seed germination. Germination
tests can also be conducted on the stai ned kernel s to further evaluate
the effects of the varying degrees of damage on germination. (See
Figure 4).
Personnel and Faci l ities
Good analysts with the ability to be observant and proper eq ui pment
are cruci al in any qual ity control program. The abili ty to use good
common sense in seed testing is essential. The anal yst and other personnel involved in quality control must have a good working knowl edge of
the var ious techniques or devices which can be i ncorporated into a
quality control program that will strengthen the program and continue to
provide meaningful data for good management decisions.
It is the responsibility of quality control to develop and provide
procedural manual s for al l personnel i nvol ved , which outline the standards and acceptable tolerances during every phase of the production,
harvesting and conditioning of the seed crop.
Proper facilities should be provided for good sample storage, not
only to comply with the various Federal and State Seed Laws, but to
provide an immediate source of seed for additional testing of a seed l ot
should that be necessary prior to the arrival of freshly drawn new
samples of the lot in question. Samples of the various seed lots are
also used for observation and compari son as might be needed.
Records
Records are all i mportant to substantiate the various quality
checks made and to provide a convenient way for management to make or
alter dec i sions pertaining to the seed crop. They are al so necessary to
comply with Federal and State Seed Laws as well as the Weights and
Standards Laws . Records of the seed lots are used as l ong as the lots
are in inventory. Much of the information is established during the
time of conditioning, but the germinat ion of the seed l ot is continually
updated .
The information devel oped by quality control provides the basis for
acc urate l abeling of the seed lots with a current analysis of t he seed.
The analys is tag or label, which contains this information is des i gned
to comply with the l abeling standards as establ i shed by the seed l aws
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and provides, to our
seed package.

custo~ers,

a true picture of the contents of the

Sui11T1ary
A good, effective and thorough quality control program is the basis
for SEED QUALITY ASSURANCE .. , which is so important to the farmer- our
customer. Whether the program is big or small, it should be designed to
provide the necessary information for sound management decisions.
11

We at DEKALB consider seed quality and seed life as being a company
asset as important as seed inventory. Seed lots which do not have
acceptable purity, germination, vigor or physical appearance are not
seed, they are feed - 30 times less valuable than seed.
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Registration List
29th SHORT COURSE FOR SEEDSMEN
April 6 - Apri l 8, 1981
ALABAMA
Eugene Carter
Carter Mfg. Co., Inc.
P. 0. Box 46
Ariton, AL 36311
David Hargrove
Spencer Seed &Grain, Inc.
1202 Lucas Ferry Road
Athens, AL 35611
Mr. & Mrs. Curvin Hursh
Escambia Farm &Seed Co.
Star Route A, Box 70
Atmore, AL 36502
Jim Bostick
Ala. Crop Improvement Assn.
S. Donahue Drive
Auburn University, AL 36849
Bob Burdett
Ala. Crop Improvement Assn.
South Donahue Drive
Auburn University, AL 36849
Donnie Huguley
Ala. Crop Improvement Assn.
South Donahue Drive
Auburn University, AL 36849
Phil Shelley
Ala. Crop Improvement Assn.
South Donahue Drive
Auburn University, AL 36849
Wayne Ga 11 i k
Read Steel Products
P. 0. Box 7343-A
Birmingham, AL 35253

Mike Autry
Lambert Seed Company
P. 0. Box 128
Camden, AL 36726
Frank Lambert
Lambert Seed Company
P. 0. Box 128
Camden, AL 36726
Gary L. Billups
Blount World Trade Corp.
Ferrell-Ross
P. 0. Box 949
Montgomery, AL 36192
Lee Coon
Ring-Around Products
Box 589
Montgomery, AL 36101
Steve Banks
Seed Processors
Rt. 6, Box 86
Wetumpka, AL 36092
ARIZONA
Patrick Hornung
H & H Seed Co ., Inc.
P. 0. Box 1688
Yuma, AZ 85364
ARKANSAS
Bill Pope
Winrock Farms, Inc.
P. 0. Box 48
Carlisle, AR 72024
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Mr. & Mrs. David Morgan
Lephiew Seed Co., Inc.
P. 0. Drawer L
Dermott, AR 71638

Kenny Lynn
Alice-Sidney Dryer &Seed Co.
P. 0. Box #989
McGehee, AR 71654

Dave Albers
University of Arkansas
Altheimer Lab.
Route 11, Box 83
Fayetteville, AR 72701

Mr. & t~rs. Gerald Palmer
Southern Farmers Association
824 North Palm Street
North Little Rock, AR 72119

J. Tom Cothren
University of Arkansas
Altheimer Lab.
Route 11, Box 83
Fayettevi lle, AR 72701
David Longer
University of Arkansas
Altheimer Lab.
Route 11, Box 83
Fayetteville, AR 72701
Eric J. Lorenz
University of Arkansas
Altheimer Lab.
Route 11, Box 83
Fayetteville, AR 72701
Peter M. Brunson
CEA Carter Day
Box 866
Hughes, AR 72348
William Henry Anthony
Alice-Sidney Dryer &Seed Co.
P. 0. Box 81
Jerome, AR 71650
Royce Bryant
Spirit Lake Corp.
Rt. 2, Box 162
Lewisvi lle, AR 71845
Junior Harrison
Spirit Lake Grain Co.
Rt. 2, Box 162
Lewisville, AR 71845

Mr. &Mrs. Leslie Byford III
Be 11 e Acre Seeds
Route 1
Proctor, AR 72376
Dan Mascheck
North American Plant Breeders
P. 0. Box 1522
l~est Memphis, AR 38128
CALIFORNIA
John Palmer
J. G. Boswell Co;
P. 0. Box 457
Corcoran, CA 93212
Sherman Railsback
J. G. Boswel l Co.
P. 0. Box 457
Corcorcan, CA 93212
Mike Rouhotas
Marvin•s Seed Inc.
P. 0. Box 1068
El Centro, CA 92243
Mr. &Mrs. Loyd Phillips
Germain•s Inc.
Box 12447
Fresno, CA 93777
Hi 11 H. Luz
Bonanza Seeds Int., Inc.
P. 0. Box V
Gilroy, CA 95020
11

11

Edward Blanco
Asgrow Seed Company
425 Alta Street
Gonzales, CA 93926
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Joe Burch
Southwest Marketi ng Corp.
Box 638
Imperial, CA 92251
Mary Wo 1ski
Southwest Marketing Corp.
Box 638
Imperial, CA 92251
Bob Garcia
Meridian Warehouse, Inc.
Route 1, Box 81A
Meridian, CA 95957
David Hull
Meridian Warehouse, Inc.
Route 1, Box 81A
Meridian, CA 95957
John Panting
SeedTec International
P. 0. Box 2210
Woodland, CA 95695
COLORADO
Terry L. Quinn
Oliver Mfg. Co., Inc.
P.O. Box 512
Rocky Ford, CO 81067
DELAWARE
Mr. &Mrs. Donald Clark
Cl ark Seeds
Box 98
Kenton, DE 19955
DISTRICT OF COLUMBIA
Robert Fa 1asca
American Seed Trade Association
Suite 964 , 1030 15th Street NW
Washington, DC 20003
David R. Lambert
American Seed Trade Assn.
Execut i ve Bldg., Suite 964
1030 15th Street, N.W.
Washington, DC 20005

Mr. &Mrs . Mike Maxey
Consultant - AID
Bissau (ID)
Dept. of State
Washington, DC 20520
FLORIDA
E. Castillo-Gallagos
Student
3028 McCarty Hall
University of Florida
Gainesville, FL 32611
Oren L. Christmas
Florida Seed & Feed Co . , Inc.
P. 0. Box 1120
Ocala, FL 32678
Berl M. Thomas
Speedling, Inc .
P. 0. Box 98
Sun City, FL 33586
Mrs. Rose M. Clark
Tallahassee Seed Laboratory
P. 0. Box 214
Tallahassee, FL 32302
GEORGIA
Gordon Kennedy
USS Agri-Chemicals
Box 1667
Albany, GA 31703
Mr. & Mrs. Sammie B. Parkman
Ga . Seed Development Commission
310 Ashton Drive
Athens, GA 30606
Dr. Wayne R. Guerke, Director
Seed Division
Ga. Dept . of Agriculture
Capitol Square
Atl anta, GA 30334
J. J. Humphreys
USS Agri-Chemical
P. 0. Box 1685
Atlanta, GA 30301
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Mr. & Mrs. Mack Crawford
Crawford Farm Service
P. 0. Box 250
Concord, GA 30206

Mr. &Mrs. Wayne Schuler
Funk Seeds Int.
1300 W. Washington
Bloomington, IL 61701

Emery L. Carl ton
Carlton Enterprises, Inc.
P. 0. Box 430
Doerun, Georgia 31744

Mr. Wesley Wilcox
Funk Seeds International
Box 2911
Bloomington, IL 61701

Sandy Browning
Go 1d Ki s t , Inc .
P. 0. Box 705
Dublin, GA 31021

Steve Kruse
Uphoff Seeds
P. 0. Box 647
Charleston, IL 61920

Charles Chambers
Gold Kist, Inc.
P. 0. Box 705
Dublin, GA 31021

Tom Runyon
Seedburo Equipment Co.
1022 W. Jackson Blvd.
Chicago, IL 60607

Steve Enfinger
Pineland Plantation
Route 1, Box 12
Newton, GA 31770

Walter Smith
Black Products
13513 S. Calumet
Chicago, IL 60627

Jack Dickey
Dickey Seed Co.
Rt. 2
Rome, GA 30161

Rex Gambrel
Thorp Seed Co.
R. R. 3, Box 257
Clinton, IL 61727

IDAHO

Carl Thorp
Thorp Seed Co.
R. R. 3, Box 257
Clinton, IL 61727

Tom Hamil ton
Asgrow Seed Company
1811 E. Florida
Nampa, ID 83651
ILLINOIS
Steven V. Bing
Griffith Laboratories U.S.A.
12200 South Central Ave.
Alsip, IL 60658
Gary Hodgett
Wyffels Hybrids, Inc.
P. 0. Box 246
Atkinson, IL 61235

Ernest Thorp
Thorp Seed Co.
R. R. 3, Box 257
Clinton, IL 61727
Mr. &Mrs. Bob Park
D. W. Tyler Company
907 W. Fairchild Street
Danville, IL 61832
Skip Sutherd
Bear Hybrid Corn Co.
P. 0. Box 950
Decatur, IL 62525
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Mr. &Mrs. John Launer
DeKalb AgResearch
Sycamore Road
OeKa 1b, IL 60115
Ron Probst
J. M. Schultz Seed Co.
P. 0. so·x 211
Dieterich, IL 62424
Jim Green
Jacques Seed Co .
Box 370
Lincoln, IL 62656
Larry Larson
Jacques Seed Co.
Box 370
Lincoln, IL 62656
Mr. &Mrs . William Piper
Jacques Seed Co.
Box 370
Lincoln, IL 62656
Tom Meinhardt
Henkel Seeds
Route 1
Mendota, IL 61342
Mr. & Mrs. Larry Schahl
BoJac Hybrids
R.R. #2
Mt. Pulaski, IL 62548

Mr. &Mrs. Dana Stewart, Jr.
Stewart Hybrids
Princeville, IL 61559
Marshall Butzow
Seedmakers, Inc.
Box 84
Sidney, IL 61877
H. A. Stults, Jr .
Stults Scientific Eng. Corp.
3313 S. 66 Freeway
Springfield, IL 62703
Joe Lamb
Illinois Crop Improvement Assn.
508 S. Broadway
Urbana, IL 61801
INDIANA
R. E. Helmuth
Helmuth Corporation
828 E. 116th Street
Carmel, IN 46032
Mr. Rich Vaughn
Select Seeds, Inc.
P. 0. Box 10448
Fort Wayne, IN 46852
Mr. & ~1rs. Kenneth Spiker
Edw. J. Funk & Sons, Inc.
Kentland, IN 47951

Louis Wagner
Sommer Bros. Seed Co.
Box 248
Pekin, IL 61554

Dan Beckham
Ag-Machinery & Safety, Inc.
P. 0. Box 5613
Lafayette, IN 47903

T. J. Murray
USS Agri-Chemicals
Box 262
Pesotum, IL 61863

Joe Deford
Indiana Crop Improve. Assn.
3510 U.S. 52 South
Lafayette, IN 47905

Tom Stringer
Cargill Seeds
P. 0. Box 557
Pontiac, IL 61764

Dan Edwards
Indiana Crop Improve. Assn.
3510 U.S. 52 South
Lafayette, IN 47905
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Ba~b

Hettmansperger
Indiana Crop Improve. Assn.
3510 U.S . 52 South
Lafayette, IN 47905

Michael B. Cook
Hunt-Wesson Foods, Inc.
Box 468
Valparaiso, IN 46383

Terry McKenzie
Ag-Machinery &Safety, Inc .
P. 0. Box 5613
Lafayette, IN 47903

IOWA

Steve Ratcliff
Ag-Machinery &Safety, Inc.
P. 0. Box 5613
Lafayette, IN 47903
Jamie Wray
Indiana Crop Improve. Assn .
3510 U.S. 52 South
Lafayette, IN 47905
Kim Craig
Asgrow Seed Co.
Route 1, Box 20A
Oxford, IN 47971
Barry Little
Asgrow Seed Co.
Route 1, Box 20A
Oxford, IN 47971
Timothy M. Loeffler
Asgrow Seed Co.
Route 1, Box 20A
Oxford, IN 47971
Bill Bailey
Bailey Seed Farms, Inc.
R. R. #6, Box 180
Portland, IN 47371
Jim Koon
Bailey Seed Farms, Inc.
R. R. #6, Box 180
Portland, IN 47371
Dennis Merdith
Bailey Seed Farms, Inc .
R. R. #6, Box 180
Portland, IN 47371

Mike Bielenberg
North American Plant Breeders
R. R. 2, Highway 30 E
Ames, IA 50010
Mr. &Mrs. Arden R. Campbell
Iowa Crop Improve. Assn.
112 Agronomy Building
Ames , IA 50011
Alan Ford
North American Plant Breeders
R. R. 2, Highway 30 E
Ames, IA 50010
Mr. &Mrs. Robert E. Lawson
Iowa Crop Improve. Assn.
112 Agronomy Building
Ames, IA 50011
Mr. &Mrs. Darrell Snyder
Schettler Seeds, Inc.
626 North Court
Carroll, IA 51401
Mr. &Mrs. Eddie Martin
Asgrow Seed Co.
P. 0. Box 108
Clarion, IA 50525
Mr. Ray Philpott
Corn States Hybrid Service
Box 2706
Des Moines, lA 50315
Tom Woody
Cargi 11 Seeds
Box 150
Grinnell, IA 50112
Darla M. Bowers
Asgrow Seed Company
P. 0. Box 457
Perry, IA 50220
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KANSAS

LOUISIANA

W. F. (Pat) Hanny
Taylor Products Co., Inc.
5300 Main
Parsons, KS 67357

Mr. &Mrs. Andy Drummond
Foundation Seed Program
La. Ag. Exp. Sta.
Route 2, Box 20
Alexandria, LA 71301

Mr. Murland Taylor
Taylor Products Co., Inc.
5300 l~a in
Parsons, KS 67357
KENTUCKY
Mike Black
Padgett Seed Farm
Rt. 3, Box 309
Clinton, KY 42031
Gary Stuart
Padgett Seed Farms
Rt. 3, Box 309
Clinton, KY 42031
Phil A. McCarty
Southern States Coop
P. 0. Box 282
Russellville Road
Franklin, KY 42134
Joe C. Carta
Southern States Coop
7110 Grade Lane
Louisville, KY 40213
Mr. &Mrs. P. A. Penley
Celanese Ag. Products
P. 0. Box 32190
louisville, KY 40232

H. J. Gremillion
Lousiana Seed Co., Inc.
P. 0. Box 7498
Alexandria, LA 71301
Darby Mi 11 er
Lousiana Seed Co., Inc.
P. 0. Box 7498
Alexandria, LA 71301
Ronald E. Hagar
Terral-Norris Seed Co., Inc.
Box 826
Lake Providence, LA 71254
William B. Harbour
Hollybrook Gin, Inc.
P.O. Box 748
Lake Providence, LA 71254
R. W. McPherson
R. W. McPherson &Associates
P. 0. Box 5011
Monroe, LA 71203
Ken Kunkle
Kunkle Farms
Star Rt. A
Vidalia, LA 71373
Ross McGehee
Kunkle Farms
Star Route A
Vidalia, LA 71373

Roger W. Rhodes
Southern States Coop
7110 Grade Lane
Louisville, KY 40213

MARYLAND

Billy Huffines
Battleground Seed Co . , Inc.
Rt. 5
Russellville, KY 42276

Nancy Kornfe 1d
Southern States Coop . , Inc.
P. 0. Box 1436
Baltimore, MD 21203
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MICHIGAN
Robert E. Frevert
Crippen Mfg. Co., Inc.
700 W. End St .
Alma, MI 48801
Dennis A. Berkey
Asgrow Seed Co.
7000 Portage Road
Kalamazoo, MI 49001
Henry C. Hayes
Asgrow Seed Company
Kal amazoo, MI 49001

Steve Cashman
CEA Carter- Day
500 &73rd Ave., N. E.
Minneapolis, MN 55432
Scott Cu 11 en
Dave Fischbein Co.
2700 30th Ave. S.
Minneapolis, MN 55406
Maynard Goff
Northrup King Co.
1500 Jackson St., NE
Minneapolis, MN 55413

Julian C. Hoyl e
Asgrow Seed Company
Kalamazoo, MI 49001

Kevin Prohaska
Northrup King Co .
1500 Jackson St., NE
Minneapolis, MN 55413

Michael Erickson
Ferre 11-Ross
1621 Wheeler Street
Saginaw, MI 48601

Ron Purvis
CEA-Carter International, Inc.
500 73rd Ave., NE
Minneapolis , MN 55432

Bi 11 Wa 11 ace
Ferrel l-Ross
1621 Wheeler
Saginaw , MI 48601

Mr. &Mrs. Donald A. Diersen
Pfizer Geneti cs
P. 0. Box 166
Ol ivia, MN 56277

Mr. &Mrs. Geral d R. Cain
Jacques Seed Co .
Box 276
Stockbridge, MI 49285

Tom Puls
RBA Seeds
Rainbow Lane
Oli via, MN 56277

MINNESOTA

Mark Schwiderski
RBA Seeds
Rainbow Lane
Ol ivia, MN 56277

Jay Schuler
SIGCO Research, Inc.
Box 150
Breckenridge, MN 56520
Myles Bakken
Dahlgren &Co.
1220 Sunflower St .
Crookston, MN 56716
Paul Harguth
Green Giant Co .
1100 N. Fourth
Le Sueur, MN 56058

John Bowen
Prairie Restorations, Inc.
P. 0. Box 327
Princeton, MN 55371
Ken Johnson
Cleland International Inc.
P. 0. Box 8
Rogers, MN 55374
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Mr. &Mrs. Neil Burmeister
Peterson Seed Division
Pioneer Hi-Bred Int. Inc.
P. 0. Box 346
Savage, MN 55378
Don G. Lykken
Forsberg, Inc.
Box 510
Thief River Falls, MN 56701
MISSISSIPPI
Marvin Lott
Bayou Seed Co .
P. 0. Box 37
Alligator, MS 38720
Ed Guerry
Coker's Pedigreed Seed Co.
Box 236
Artesia, MS 39736
Joseph Lee Camp
MFC
P. 0. Box 116
Belden, MS 38826
David Morgan
MFC
P. 0. Box 116
Belden, MS 38826
William A. Raney
Magnolia Grain Co.
Cary, MS 39054
John Elliott
Big River Seed
P.O. Box 867
Cleveland, MS 38732
Mr. & Mrs. Dwight Richardson
Service Seed Co .
P. 0. Box 469
Crystal Springs, MS 39059
Alden Be 11
B &S Seed Co.
Rt. 1, Box 83A
Duncan, MS 38740

Kenny Horton
Valley Chemical Co.
P. 0. Box 1317
Greenville, MS 38701
Danny F. Edwards
Shipley Grain
P.O. Box 476
Greenwood, MS 38930
Lester Shipley, Jr.
Shipley Grain Co.
P. 0. Box 476
Greenwood, MS 38930
Jeff E. Segrest
Farmer
Rt. 1, Box 163
Hermanville, MS 39086
Dan LeBlond
Banks and Company
P. 0. Box 160
Hernando, MS 38632
James D. Maxwell
Hollandale Seed and Supply
P. 0. Box 397
Hollandale, MS 38748
Louie Paul Sheffield
Inverness Co-op
Box 16
Inverness, MS 38753
Ted Chesire
Secretary, MSA
Box 1208
Jackson, MS 39211
Joe B. Hardy, Jr.
Dept. of Agriculture
Jackson, MS 39205
Richard Taylor
MSA
Leland, MS 38756
Elmo Collum
MFC Services (AAL)
P. 0. Box 500
Madison, MS 39110
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Dr. James Hairston
MSU Dept. of Agronomy
Box 5248
Miss. State, MS 39762

Tom Barham
Pennington Seed Co.
P. 0. Box 338
Greenfield, MO 65661

Ben Jabbour
Student
Agricultural Economics
Miss. State, MS 39762

Keith Hankins
Pennington Seed Co.
P. 0. Box 338
Greenfield, MO 65661

Robert Jones
Delta & Pine Land Co.
Scott, MS 38772

Robert Cook
E. B. Gee Cotton &Grain
Box E
Marston, MO 63866

Ronnie Pinnix
Delta & Pine Land Co.
Scott, MS 38772
Rex Rutland
Delta & Pine Land Co.
Scott, MS 38772
Joe Harper
Mississippi Grain Services
P. 0. Box 8
Valley Park, MS 39177
MISSOURI
Lloyd E. Cavanah
Missouri Foundation Seeds
University of Missouri
135 Mumford Hall
Columbia, MO 65211
Phil M. Fichter
Missouri Foundation Seeds
University of Missouri
135 Mumford Hall
Columbia, MO 65211
Mr. &Mrs. Mark C. Quisenberry
Missouri Seed Improvement
P. 0. Box 852
Columbia, MO 65201
Terry Meyer
NeCo Seeds
Box 296D
Garden City, MO 64747

Bob Marshall
E. B. Gee Cotton &Grain
Box E
Marston, MO 63866
Wayne Ruby
E. B. Gee Cotton &Grain
Box E
Marston, MO 63866
Lucinda Jackson
Monsanto
800 N. Lindbergh Boulevard
St. Louis, MO 63166
Bernard Mangelsdorf
Mangelsdorf Seed Co.
4500 Swan Ave.
St. Louis, MO 63166
NEBRASKA
David Ray
North American Plant Breeders
(Migro Seeds)
P. 0. Box 237
Tekamah, NB 68061
Al Behl
J. C. Robinson Seed Co.
Waterloo, NB 68069
C. D. "Dutch" Graf
J. C. Robinson Seed Co.
Waterloo, NB 68069
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Robert Lockenour
J. C. Robi nson Seed Co.
Waterloo, NB 68069
NEW JERSEY
Al Began
Griffith Labs
855 Rahway Ave .
Union, NJ 07083
NEW YORK
D. Cyrus Samimy
N. Y. State Agri. Exp. Station
Cornell University
Geneva, NY 14456
Mr. & Mrs . William Watson
Liberty Seed Company
558 Gi ll ette Road
Spencerport , NY 14559
NORTH CAROLINA
John Parker
Parker Sales &Service
6109 Rosecrest Drive
Charlotte, NC 28210
Carrol l E. Collins
N. C. Crop Improve. Assoc .
3709 Hillsborough St .
Raleigh, NC 27607
OHIO
Dav id Hiser
Robinson Hybrids, Inc.
4796 Dildine Road
Delaware, OH 43015
Rich Rowland
Ohio Seed Improve. Assn.
6150 Avery Road, Box 477
Dublin, Ohio 43017
Joyce Williams
Madison Seed Co ., Inc .
13455 St . Rt. 38 SE
London, OH 43140

OKLAHOMA
F. E. LeGrand
Oklahoma Crop Improve.
Room 368, Ag Hall

osu

Sti l lwater, OK 74078
Val Oyster
Oklahoma Crop Improve.
Room 368, Ag Hall

osu

Sti ll water, OK 74078
OREGON
John Hey
Beta seed, Inc.
P. 0. Box 628
Tangent, OR 97389
Paul Severance
Beta seed, Inc.
P. 0. Box 628
Tangent, OR 97389
PENNSYLVANIA
Joseph R. Layton
FMC Corporation
2000 Market St.
Phi l adel phia, PA 19103
Thomas E. Klein
Mercator Corp.
P. 0. Box 142
Reading, PA 19603
Chuck Kea 1ey
W. Atl ee Burpee Co.
300 Park Ave.
Warminster, PA 18974
SOUTH CAROL! NA
Mr. &Mrs. William B. Wise
Wise Seed Co.
Route 3, Box 74
Batesburg, SC 29006
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Judy Sullivan
Ervin Weatherly Erectors
P. 0. Box 484
Camden, SC 29020
Ervin Weatherly
Ervin Weatherly Erectors
P. 0. Box 484
Camden, SC 29020
Keith Williamson
B. F. Williamson Plantation
Rt. 3, Box 462
Darlington, SC 29532
Jim Alston
Geo. W. Park Seed Co., Inc.
P. 0. Box 31
Greenwood , SC 29647

TENNESSEE
Mr. & Mrs. Dallas Runner
Montgomery Farmer Co-op
Rt. 11
Clarksvi lle, TN 37040
Dave Duty
Tennessee Farmers Cooperative
Waldron Road
laVergne, Tennessee 37086
Terry Griffin
Tenn. Farmers Co-op
laVergne, TN 37086
Dennis McCaslin
Tenn. Farmers Co-op
laVergne, TN 37086

Donald B. Clark
Coker's Pedigreed Seed Co.
P. 0. Box 340
Hartsville, SC 29550

lester Venable
Seed Inspector USDA
Rt. 6, Box 203
lawrenceburg, TN 38464

Rex Wilson
Coker's Pedigreed Seed Co.
P. 0. Box 340
Hartsville, SC 29550

Jim Arnold
Progressive Farmer
5050 Poplar Ave., Suite 1630
Memphis, TN 38157

SOUTH DAKOTA

Fay Jack Durrant
Bancroft Bag
3081 Rising Sun Road
Memphi s, TN 38134

Bob Po llmann
South Dakota Crop Improvement
c/o South Dakota State Univ.
Brookings, SD 57007
Tim Schultz
Domestic Seed Co.
Madison, SD 57042
Vernon Meyer
Caudill Seed Co.
Box 686
South Shore, SO 57263

David R. Grimm
Asgrow Seed Co.
Sub . of the Upjohn Co.
5680 Gaywinds Ave.
Memphis, TN 38115
Virg il Harden
Harden Processing
Equip. Sales, Inc.
P. 0. Box 18880
Memphis, TN 38118
Fred Hartmann
Buckman laboratories, Inc.
1256 N. Mclean Blvd.
Memphis, TN 38108
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Butch Moore
Hagan Mfg. Co.
P. 0. Box 9307
Memphis, TN 38019

Rick Ward
SeedTec International, Inc.
P. 0. Box 2212
Hereford, TX 79045

Edd Su 11 ivan
Hagan Manufacturing Co.
P. 0. Box 9307
Memphis, TN 38109

Steve Leffingwell
Cox-Nelson Seed & Chemical
P. 0. Box 662
Katy, TX 77449

Roger Terry
Dabney-Hoover Supply , Inc.
Box 692
Memphis, TN 38101

Blondie Hamilton
Custom Ag Service
Box 97
Loraine, TX 79532

TEXAS

Dr. Norm Hopper
Dept. of Plant & Soil Science
Texas Tech. Uni versity
Lubbock , TX 79409

Ron Kershen
Kershen Tritical e Co .
Box 1313
Canyon, TX 79015
Mr. Wayne Vaclavik
Foundation Seed Service
Texas A&M University
Co 11 ege Station, TX 77843
Mr. & Mrs. Richard W. Holekamp
Richard's Sales & Services
P. 0. Box 276
Comfort, TX 78013
Pete Almaraz, Jr.
Crosbyton Seed Co.
Box 429
Crosbyton, TX 79322
Larry Harris
Crosbyton Seed Co.
Box 429
Crosbyton, TX 79322
John J. MacFarlane
Gustafson, Inc.
P. 0. Box 220065
Dallas, TX 75222
Danny Powell
Gustafson, Inc.
P. 0. Box 220065
Dallas , TX 75252

Leonard L. Keeton
Agriculture Unlimited Inc.
4601 Locust Ave.
Lubbock, TX 79404
Mr . & Mrs. Gene Payne
Bamert Seed Co .
Route 3, Box 192
Muleshoe, TX 79347
Mr . & Mrs. Ken Skarien
Seedsmen's Digest
3335 West Avenue
San Anton io, TX 78213
Charles Brown
Gustafson, Inc.
P. 0. Box 1166
Seguin, TX 78155
UTAH
Stanford A. Young
Utah Crop Improve. Assn.
Utah State University
UMC 48
Logan, UT 84322
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VIRGINIA

CANADA

Mr. &Mrs. George M. Longest
Box 45
St. Stephens Church, VA 23148
WASHINGTON

Wally Czank
Kipp Kelly Limited
4032 - 7th St . S. E.
Ca 1gary, Alta.
Canada T2G 2Y8

Ahmed Marouani
Washington State University
Seed Technology Laboratory
291 Johnson Ha 11
Pullman, WA 99164

Wayne Hudson
Kipp Kelly Limited
68 Higgins Ave.
Winnipeg, Manitoba
Canada R3B OA6

Mr . &Mrs . Douglas E. Watts
Logan Feed, Inc.
P. 0. Box 8
Wapato, WA 98951

Bob Hooper
Ciba-Geigy Seeds Ltd.
Ailsa Craig, Ontario
Canada NOM lAO

WISCONSIN

John Hetherington
W. G. Thompson &Sons, Ltd.
Blenheim, Ontario
Canada NOP lAO

W. H. {Bi 11) Leakey
Deer Creek Seed
Box 105
Ashland, WI 54806
Tom Lund
Deer Creek Seed
Box 105
Ashland, WI 54806
Brad Argall
Blaney Seed Farms
R. R. #4
E. Lacy Road

Madison, WI 53711
Dennis Reisdorf
Blaney Seed Farms
R. R. #4

E. Lacy Road
Madison, WI 53711
Wayne Beckwith
Jacques Seed Co.
720 St. Croix St.
Prescott, WI 54021

Doug Stevens
W. G. Thompson &Sons, Ltd.
Blenheim, Ontario
Canada NOP lAO
Mr. &Mrs. Leo J. Marion
King Grain Limited
Box 1088
Chatham, Ontario
Canada N7M 5L6
Murray Holland
Ciba-Geigy Seeds Ltd.
Funk Seeds
R. R. #3
Cottam, Ontario
Canada NOR lBO
Martin Verbeek
Ciba-Geigy Seeds Ltd.
R. R. #3
Cottam, Ontario
Canada NOR lBO
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Brian Hartwick
Hartwick Sales &Service Ltd.
P. 0. Box 2814, Stn. A
London, On ta rio
Canada N6A 4H4
Cliff Hartwick
Hartwick Sales &Service Ltd .
P. 0. Box 2814, Stn. A
London, Ontario
Canada N6A 4H4
Fred R. Thomson
Agriculture Canada
Carling Avenue
Ottawa, Ontario
Canada K1A OC6
Bruce Soke
Soke Farms, Ltd.
Box 102
Bredeneury, Saskatchewan
Canada SOA OHO
Greg Soke
Soke Farms, Ltd.
Box 102
Bredeneury, Saskatchewan
Canada SOA OHO
MEXICO
Othoniel Lopez Toledo
Sarh-Snics
Box 105
Cuidad Constitucion B. C.
Mexico
Juan R. Silva
Northrup King y Cia S. A.
Blv. Lopez Mateos Ku 6 Mexicali
Mexicali
Mexico
Jorge Villarreal
Northrup King y Cia S.A.
Blv. Lopez Mateos Ku 6
Mexicali
Mexico

Juan M. Cerecero
Productora Nacional
de Semi llas
Calzada Saltillo 400 s/n
Apartado Postal No . 584
Torreon, Coahuila
Mexico
Edgardo Cantu Saldana
Productora Nacional
de Semillas
Calzada Saltillo 400 s/n
Apartado Postal No. 584
Torreon, Coahuila
Mexico
VENEZUELA
Hernan Oropeza
Foudo Nacional de
Investigaciones
Agropecuarias Centro
de Investigaciones
Agropecuarias
Mara cay
Venezuela

